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Style and substance: further improvements ~~ 


A year ago the British Heart Journal made important 
changes to its appearance and at the same time introduced 
more variation into its contents, which were expanded to 
include new sections on technology, news about the British 
Cardiac Society, historical vignettes, and reviews of 
selected books.! The larger format, enhanced quality of 
illustrations, and altered layout gave greater flexibility in 
presenting material; and the response from readers has 
been favourable. 


More informative abstracts 

But change is not something done in one fell swoop. Now 
that these modifications have been tested we will continue 
the process. Our wish to have structured abstracts? will be 
implemented and advice on how to prepare them is 
reprinted below. We have extracted our guidelines on 
structured abstracts from a recent paper in the Annals of 
Internal Medicine? The detailed headings—Objective, 
Design, Setting, Patients (Participants), Interventions, 
Main outcome measures, Results, Conclusions—cannot be 
applied to all papers, but where they can we propose to use 
them as a framework for organisation and will not neces- 
sarily print the headings. Some of the headings, such as 
“Setting”, use terms more suited to North American 
practice, and the local equivalent reflecting the background 
of the author(s) and their work will be acceptable; so, too, 
will the recommendations of the New England Journal of 
Medicine, which are to specify Background, Methods, 
Results, and Conclusions, sometimes combining two of the 
first three headings, when appropriate.‘ 

We will welcome all submitted articles that use this 
format, but the change will be a progressive one that we 
plan to implement during 1991. Some articles are already in 
the press, so no immediate change is possible. But new 
articles should now be submitted with “more informative 
abstracts". Should articles already with us need to be 
returned to authors for amendment, we will ask for the 
abstract to be rewritten. We expect that in the second 


Abbreviated instructions for authors on structured abstracts 


Articles containing original data concerning the course (prognosis), 
cause (aetiology), diagnosis, treatment, prevention, or economic analysis of 
a clinical disorder or an intervention to improve the quality of health care 
should include a structured abstract of no longer than 250 words with the 
following headings and information: 

Objective. State the main question or objective of the study and the major 
hypothesis tested, if any. 

Design : Describe the design of the study indicating, as appropriate, use of 
randomisation, blinding, criterion standards for diagnostic tests, temporal 
direction (retrospective or prospective), and so on. 

Setting : Indicate the study setting, including the level of clinical care (for 
example, primary or tertiary, private practice or institutional). 

Patients, Partvipants* State selection procedures, entry criteria, and 
numbers of participants entering and finishing the study. 

Interventions. Describe the essential features of any interventions, 
including their method and duration of administration. 

Main Outcome Measure(s): The primary study outcome measures 
should be indicated as planned before data collection began. If the 
hypothesis being reported was formulated during or after data collection, 
this fact should be clearly stated 

Results: Describe measurements that are not evident from the nature of 
the main results and indicate any blinding. If possible, the results should be 
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volume of the British Heart Journal for 1991 the abstracts 
in the new style will prevail. 


Avoiding duplicate publication 

Like the British Medical Journal, our publishers,’ we want 
to avoid repetitive publication. The problems that this 
raises are restated clearly by the new editors of the Annals of 
Internal Medicine, whose views are well worth reading.5 We 
urge authors who are in doubt about previous letters or 
papers they may have written on the same topic to raise this 
point in the covering letter, when they submit their paper, 
so that we can offer advice at an early stage. 

We beg to differ with those who think that these matters 
are of editorial concern only. Specialty journals, such as the 
British Heart Journal, are often edited by part time editors 
who are also authors themselves. That our interests are 
mutual is set out most clearly in a perceptive analysis of the 
role of the medical author by Fye, a distinguished practis- 
ing cardiologist who is also renowned for his literary and 
historical accomplishments.’ All will endorse his hope that 
“growing awareness of the problems of the ‘publish or 
perish’ ethic” will enable us to achieve the aim that “quality 
rather than quantity will be the bench mark of success". 
The changes that we are now implementing are directed 
towards this goal and will be followed by other journals; 
readers and authors should be reassured that we are 
constantly seeking ways by which we can enhance the 
quality of the British Heart Journal. 


DENNIS M KRIKLER 
Editor 


1 Krikler DM, Dawson J. Briush Heart Journal: content... and style. Br 
Heart J 1990,63:1-2. 

2 Lock S. Structured abstracts. Br Med J 19883297 156. 

3 Haynes RB, Mulrow CD, Huth EJ, Altman DG, Gardner MJ More 
informative abstracts revisited. Ann Intern Med 1990;113.69—76. 

4 Relman AS. New “information for authors”—and readers. N Engl J Med 
1990,323:56. 

5 Lock S. Publicanon: duplicate, salami, meat extender—all redundant. 
Br Med J 1989;:298-1203-4. 

6 'The editors. Policy on a n publication and copyright. Annals of 
Internal Medicme. Ann Intern Med 1990;113:182. 

7 Fye WB. Medical authorahip traditions, trends and tribulauons, Ann Intern 
Med 1990,113:317-25 





accompanied by confidence intervals (most often the 95% interval) and the 
exact level of statistical significance. For comparative studies confidence 
intervals should relate to the differences between groups. Absolute values 
should be indicated when risk changes or effect sizes are given. 

Conclusions. State only those conclusions of the study that are directly 
supported by data, along with their clinical application (avoiding overgen- 
eralisation) or whether additional study 1s required before the information 
should be used in usual clinical settings. Equal emphasis must be given to 
positive and negative findings of equal scientific merit. 

Abstracts for review articles should have the following headings and 
information: 

Objective: State the primary objective of the review article. 

Data Sources: Describe the data sources that were searched, including 
dates, terms, and constraints. 

Study Selection: Identify the number of studies reviewed and the criteria 
used for their selection. 

Data Extraction. Summarise guidelines used for abstracting data and 
how they were applied. 

Data Synthesis: State the main results of the review and the methods 
used to obtain these results. 

Conclusions: State primary conclusions and their clinical applications, 
avoiding overgeneralisation Suggest areas for additional research if 
needed (Further details can be obtained from: Haynes RB, et al. More 
informative abstracts revisited. Ann Intern Med 1990;113.69-76.) 
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Lipoprotein (a): a possible link between lipoprotein 


metabolism and thrombosis 


Lipoprotein (a) was first described in 1963 by Kare Berg. It 
was initially considered to be a qualitative genetic marker 
but has subsequently been shown to be a quantitative trait. 
The concentration of lipoprotein (a) can vary enormously 
between different individuals. Epidemiological studies 
typically show a highly skewed distribution within a 
population, with most individuals having low concentra- 
tions of lipoprotein (a). Much of the interest in lipoprotein 
(a) stems from several clinical studies that showed a highly 
significant association between raised concentrations of 
lipoprotein (a) and susceptibility to coronary artery dis- 
ease. Angiographic studies suggest that the concentration 
of lipoprotein (a) is a risk factor for disease in both native 
coronary vessels and saphenous vein bypass grafts.’ In 
addition, lipoprotein (a) immunoreactive material has been 
identified in the endothelium and intima of atherosclerotic 
coronary arteries. 

Though lipoprotein (a) was characterised in some detail 
in the 1970s, interest in its structure-function relations has 
intensified recently. Essentially, lipoprotein (a) is a low 
density lipoprotein (LDL) particle that has been modified 
by the binding of a unique high molecular mass glyco- 
protein called apolipoprotein (a) to apolipoprotein B, the 
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Figure 1 Structure of low density lipoprotein (LDL) and lipoprotein 
(a) (Lp(a) ). Lipoprotein (a) 1s essentially an LDL particle modified 
by the of apolipoprotein (a) (apo(a)) via a lphide bridge to 
apolipoprotem B. [ Inset] Pretzel-lske structure of the kringle 4 domain 
in apolipoprotein (a). 


sole protein constituent of LDL. This macromolecular 
complex is known as lipoprotein (a) (fig 1). Lipoprotein (a) 
concentrations vary considerably between individuals and 
it is the only major lipid risk factor with a concentration 
that is only slightly influenced by metabolic, endocrine, or 
anthropometric variables—so it remains remarkably con- 
stant within an individual. The most popular hypothesis is 
that a single autosomal genetic locus is the major deter- 
minant of lipoprotein (a) concentration? The evidence 
points to this locus being the gene encoding for apolipo- 
protein (a) itself. Apolipoprotein (a) has been shown to 
exist as several different isoforms—distinguished by size 
and mobility on gel electrophoresis. Such phenotypic 
variation is thought to reflect allelic polymorphisms at the 
apolipoprotein (a) gene locus. These allelic variants have, 
in turn, provided new insights into the genetics of the 
quantitative lipoprotein (a) trait. At least six allelic variants 
have been identified and an operational "null" allele 
postulated. There is a strong inverse relation between the 
mass of the differing apolipoprotein (a) isoforms and the 
plasma lipoprotein (a) concentrations. Thus alleles en- 
coding for the separate apolipoprotein . (a)..phenotypes 
strongly influence the lipoprotein (a) concentration, and in 
individuals with the operational “null” allele lipoprotein 
(8) concentrations are low. 

Interest in this topic was greatly stimulated by McLean 
et al? 'They reported the cloning and sequencing of the 
apolipoprotein (a) gene. The complete primary aminoacid 
sequence of apolipoprotein (a) was derived from the 
sequenced human apolipoprotein (a) cDNA and it showed 
a striking homology to the structure of plasminogen—the 
zymogen of the fibrinolytic enzyme plasmin. Plasminogen 
ig a single chain protein of 791 aminoacids containing 
several distinct structural regions. These include an N- 
terminal sequence, followed by five tandemly repeated 
domains called kringles, each showing about 50% 
homology to each other, followed by a trypsin-like protease 
domain. The kringles are pretzel-shaped structures, stabil- 
ised by three internal disulphide bridges and are so called 
because they resemble a Danish cake called a kringle (fig 1 
(inset)). The primary sequerice of apolipoprotein (a) also 
contains an N-terminal sequence one copy of plasmin- 
ogen’s fifth kringle and a variable copy number of the 
fourth kringle domain followed by a serine protease domain 
all of which show a high degree of homology to the 
equivalent regions in the plasminogen gene. In the 
apolipoprotein (8) cDNA sequenced by McLean et al there 
were 37 copies of the fourth kringle domain (fig 2). 
However, despite apolipoprotein (a) retaining a highly 
conserved serine protease domain, no latent enzymatic 
activity can be generated because of a crucial serine for 
arginine substitution at the homologous activation site. 

The presence of regions of duplicated sequence retaining 
100% identity within the gene suggests frequent expansion 
and contraction at the locus. Thus, it is possible that 
homologous recombination events that add or eliminate 
certain domains (for example kringle IV domains) at this 
locus are probably still occurring. This mechanism may 
well explain both the allelic variation at the apolipoprotein 
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Comparison of the gene structures of plasminogen and 
apolipoprotein (a) (apo(a)). The top structure ts plasminogen cDNA 
and the lower-structure apolipoprotein (a) cDNA. Connacting lines 
indicate regions of homology with percentage identity betweerr-the two 
sequences shown at the bottom. ( This illustration is derived from 
reference 3.) 5', 5' untranslated sequence; S, signal peptide; T; 3 
region; III, il, IV, V, kringle domains; P, protease domain; 3 


Figure 2 


untranslated sequence. 
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(8) locus ahd the size variation of apolipoprotein (a) among 
individuals. Expression of the larger apolipoprotein (a) 
alleles may test the limits of the translation and transcrip- 
tion machinery of the cell, by mechanisms such as messen- 
ger RNA'instability, decreased transcription efficiency, 
etc. This:accords with the inverse correlation between 
lipoprotein (a) concentrations and the size of the apolipo- 
protein (a) isoforms. 

In general, the kringle domains serve as regulatory 
domains dnd are important for the activation of specific 
proteases such as plasminogen and tissue plasminogen 
activator. “Thus, there has been considerable speculation 
that lipoprotein (a) may interfere with the fibrinolytic 
system because of its structural homology to plasminogen. 
In vitro data supporting this hypothesis are beginning to 
accumulate. Lipoprotein (a) has been shown to inhibit 
binding of plasminogen to its endothelial cell binding sites 


with a consequent reduction in generation of plasmin by * 


tissue plasminogen activator. Lipoprotein (a) has also been 
shown toi compete with both plasminogen and tissue 
plasminogen activator for fibrin binding and it attenuates 
both the fibrin dependent enhancement of tissue-type 
plasminogen activator activity and clot lysis in vitro.* 
Confirmation of these effects in vivo would demonstrate 
that lipoprotein (a) is a vital link between lipoprotein 
metabolism and the thrombolytic system. 

Little is known about the synthesis and catabolism of 
lipoprotein (a). Circumstantial evidence suggests it is 
synthesised by the liver because tbe apolipoprotein (a) 
cDNA was constructed from a library of hepatic RNAs. 
This accords with the low concentration of lipoprotein (a) 
in individuals with chronic hepatic disease such as cir- 
rhosis. While lipoprotein (a) concentrations are thought to 
be largely détermined by the apolipoprotein (a) gene locus, 
other gene loci may also be influential in determining 
concentrations. One such locus is the LDL receptor locus. 
There are discrepant and conflicting data about the in vitro 
binding and uptake of lipoprotein (a) by the LDL receptor. 
However,it has been shown in vivo that irrespective of 
apolipoprotein (a) phenotype, patients heterozygous for 
familial hypercholesterolaemia, a disease caused by defec- 
tive LDL receptor function, have lipoprotein (a) concen- 
trations 2:5 to three times higher than age and sex matched 
controls.* 
there is a 10 fold increase in the risk of coronary heart 
disease. Ín such a relatively homogeneous, monogenic 
disease, however, the expression of this susceptibility 
varies between individuals and particularly between 
families with the condition. Some of the variability may be 
explained: by the finding of two recent reports from 
London and Sweden.*’ In both, over 100 patients with 
familial hypercholesterolaemia were subdivided on the 
basis of the presence or absence of clinically documented 
coronary heart disease. While the LDL cholesterol concen- 


In patients with familial hypercholesterolaemia . 


trations were equivalent in both subgroups, patients with 
coronary heart disease had significantly higher lipoprotein 
(a) concentrations and this value was the best discriminant 
for the presence of coronary heart disease on both 
univariate and multivariate analysis. These findings have 
important implications for both the management and 
prognosis of familial hypercholesterolaemia. Indeed, they 
may reveal an oversimplification in the treatments de- 
signed for the hyperlipidaemias in general. T'he 3-hydroxy- 
3-methylglutaryl coenzyme A reductase inhibitors, the 
fibric acid derivatives, and the ion-exchange resins do not 
significantly alter lipoprotein (a) concentrations. To date, 
only nicotinic acid, neomycin, and extracorporeal apheresis 
have been effective in reducing lipoprotein (a) concentra- 
tions. Each of these treatments has drawbacks. Further- 
more, there are no published data to show any benefit in 
lowering lipoprotein (a) concentrations in individual 
patients. 

Should measurement of lipoprotein (a) concentration 
become part of the full lipid profile and would concomitant 
reduction of lipoprotein (a) and LDL cholesterol concen- 


- trations have a synergistic effect on the reduction of the risk 


of coronary artery disease in familial hypercholesterol- 
aemia and the hyperlipidaemias in general? Risk reduction 
is being studied by a two centre trial based at the Royal 
Postgraduate Medical School, Hammersmith, and the 
University Hospital of Wales, Cardiff. This trial is de- 
signed to assess whether LDL apheresis (which lowers 
both lipoprotein (a) and LDL cholesterol) is more ben- 
eficial in patients with familial hypercholesterolaemia than 
drug treatment (which does not reduce lipoprotein (a) 
concentrations). It is too early to recommend the routine 
measurement of lipoprotein (8) concentrations. Lipo- 
protein (a) assays need to be standardised: and fully 
characterised to allow appropriate interpretation. An inter- 
national standardisation programme is evolving. While 
measurement of lipoprotein (a) is likely to be more 
expensive than a basic lipid profile, the rationale for 
measuring risk factors is to estimate the risk of developing 
coronary artery disease. The current controversy about the 
precise concentrations of cholesterol at which hypo- 
lipidaemic drug treatment should be started, and the 
possible role of high concentrations of lipoprotein (a) in 
altering the thrombotic/fibrinolytic equilibrium suggest to 


_me that lipoprotein (a) measurements will be widely 


available in clinical practice within the next decade. 

An understanding of the role of lipoprotein (a) in 
atherogenesis, evaluation of the apparent synergy between 
lipoprotein (a) and LDL cholesterol in promoting coronary 
artery disease, and the assessment of the therapeutic 
benefits of reducing lipoprotein (a) in specific patient 
groups should yield results soon. 


\ ALAN REES 
Unversity of Wales, ý 
Heath Park, 
Cardiff CF4 4X W 
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Ventricular arrhythmias during treatment with 
alteplase (recombinant tissue plasminogen 
activator) in suspected acute myocardial infarction 


R G Wilcox, Janet Eastgate, Elizabeth Harrison, A M Skene 


Abstract 

Continuous electrocardiography during 
the first 24 hours of a stay in a coronary 
care unit was used to record ventricular 
arrhythmias during treatment with alte- 
plase (recombinant tissue plasminogen 
activator) or placebo. Recordings were 
made on 378 of the 436 patients admitted 
to a double blind trial of alteplase or 
placebo in one participating centre of the 
Anglo-Scandinavian study of early 
thrombosis (ASSET), patients being 
selected according to the availability of 
recorders. Of these, 309 (158 given alte- 
plase and 151 placebo) had >5 hours of 
analysable data. Most of the arrhyth- 
mias were recorded in patients with an 
in hospital diagnosis of myocardial 
infarction. Ventricular couplets and ven- 
ricular tachycardia were significantly 
more common in the patients treated 
with alteplase. Further, in patients 
with myocardial infarction who had 
ventricular extrasystoles, couplets, or 
ventricular tachycardia type a, the num- 
ber of hours in which each arrhythmia 
was recorded was significantly higher in 
the alteplase group. The various ven- 
tricular arrhythmias in the alteplase 
group tended to cluster in the first 4-12 
hours of the recordings. During the first 
24 hours admission there were four 
episodes of ventricular fibrillation in the 
alteplase group and five in the placebo 
group of taped patients. By one month 
there had been 18 deaths in these 309 
patients (alteplase four, placebo 14). 
These bore no relation to any recorded 
arrhythmia. Clinical records for the 
patients with no or minimal tape data 
yielded six further episodes of ven- 
tricular fibrillation during the first 24 
hours (three in the alteplase group and 
three in the placebo group). Of the total 
436 patients, 10 of the 218 patients in the 
alteplase group had died by one month 
compared with 22 of the 218 patients 
treated with placebo. 

The use of alteplase increases the 
incidence of non-life threatening ven- 
tricular arrhythmias. These results, 
however, suggest that arrhythmia after 
thrombolysis in the pre-hospital phase 
may be less of a problem than it is per- 


_ ceived to be. 


‘ventricular extrasystoles 


Coronary thrombolysis is now an accepted 
treatment for eligible patients who present 
within 6 hours of onset of symptoms of acute 
myocardial infarction and the risk-benefit 
ratio of such treatment is gradually emerging 
from several large clinical trials."* One par- 


ticular concern, especially in the pre-hospital. 


setting, is the likelihood of such treatment 
provoking serious ventricular arrhythmias. In 
animal studies, for instance, both the 
occlusion of a coronary artery and its reper- 
fusion are usually accompanied by a burst of 
that occasionally 
degenerates into ventricular fibrillation." 
Incomplete reperfusion seems to be par- 
ticularly provocative." 

In humans ventricular extrasystoles co- 
incided with angiographically proven coron- 
ary artery reperfusion, but in none of the 
large clinical trials does there seem to be an 
increase in serious ventricular arrhythmias 
during hospital stay. The data available dur- 
ing the operative hours of thrombolysis (and 
presumed reperfusion) are less complete with 
most of the human data coming from studies 
that used intracoronary or intravenous strep- 
tokinsse as the thrombolytic agent. Although 
ventricular extrasystoles are common and can- 
not be prevented by lignocaine, serious events 
are not"! In the placebo controlled intra- 
venous streptokinase in acute myocardial 
infarction (ISAM) and Gruppo Italiano per 
le Studio della streptochinasi nell 'infarto 
miocardico (GISSI-1) trials, observation 
periods of cardiac rhythm were limited and in 
neither study did serious ventricular events 
seem to be more common in the actively 
treated groups.! ? . 

The extent to which alteplase (recombinant 
tissue plasminogen activator) is associated 


with ventricular arrhythmias is less clear. ` 


During the Anglo-Scandinavian study of early 
thrombosis (ASSET), a large double blind 
placebo controlled study that used intra- 
venous alteplase as the thrombolytic drug, we 
monitored ventricular extrasystoles in 378 
patients by 24 hour continuous electrocar- 
diographic recordings, started at admission to 
the coronary care unit. This paper reports the 
findings of that study. 


Patients and methods 
The protocol, methods, and principal results 


of ASSET have already been published.‘ . 
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Briefly, patients of either sex, died 18-75 
years inclusive, admitted to the coronary care 
units within 5 hours of symptoms of acute 
myocardial infarction were screened for 


eligibility and then randomised to receive. 


either intravenous alteplase (100 mg over 3 
hours) or placebo. Both groups also received 


an initial intravenous bolus of heparin 5000 


units followed by an intravenous infusion of 
1000 units per hour starting after completion 
of the trial infusion and continuing for the 
remainder of the patients’ first 24 hours stay 


- in the coronary care unit. During this time no 
` other routine or prophylactic treatments were 


given and it was not the policy to prescribe 
antiarrhythmic medication for episodes of 
symptomless ventricular extrasystoles. 

All patients in ASSET admitted to the 
University Hospital, Nottingham, had contin- 
uous bedside and central console single chan- 
nel electrocardiographic monitoring (Simon- 
sen and Weel 8000 series) for the duration of 
their stay in the coronary care unit. In addi- 
tion, a continuous recording was made during 
the first 24 hours on to Oxford Medilog 1 
tapes from the central console via a voltage 
attenuator, beginning as soon as possible after 
clinical evaluation and randomisation. A 
recording was attempted whenever a tape 


` recorder was available. Data were obtained for 


378 patients from 436 study admissions. 

The 24 hour tapes were then analysed by an 
experienced technician who inspected the scan 
replays from an Oxford Medilog 1 tape 
analyser. Any equivocal episodes were re-read 
by one of us (RGW). We recorded the hourly 
incidence of the following rhythms: ven- 
tricular extrasystoles (VEs), fast and slow ven- 


' tricular couplets and ventricular tachycardias, 


atrial fibrillation/flutter, and supraventricular 
tachycardia. Any episode of ventricular 
fibrillation, complete heart block, or asystole 
was also noted. Ventricular couplets and 
tachycardias were coded according to the des- 
cription of Campbell and colleagues:” 
Fast ventricular couplets Two consecutive 
ventricular extrasystoles with RR interval 
«500 ms. 
Slow ventricular couplets As above but with 
RR interval 2500 ms. 
Ventricular tachycardia (a) Three or more 
consecutive ventricular extrasystoles with two 
successive cycles contained within 1000 ms; 
(b) as above but at least one cycle of <500 ms; 
(c) as above but with no cycle shorter than or 
equal to 500 ms (VTa, VTb, VTc). .. 
Details of all relevant clinical events and 
treatments during the hospital stay and up to 
one month were noted as part of ASSET. 
Two questions were investigated for each 
rhythm disturbance in turn: first, was there a 
difference between the treatments in terms of 
the number of patients showing the rhythm 
disturbance at any time during the course of 
the monitoring period? Secondly, among 
patients who had shown the arrhythmia was 


. the frequency of its occurrence associated 
. with treatment? This second issue was inves- 


tigated in three ways. For each patient and 
arrhythmia we counted the number of hourly 


intervals in which the arrhythmia appeared 
(hours seen), the total number of instances of 
the arrhythmia over the taping period (total 
on tape), and the number of instances of the 


‘arrhythmia during the hour it was most 


prevalent (maximum frequency per hour). 
Full-24 hour records were not available for 
all the taped patients because of adminis- 
trative or technical difficulties which often 
resulted in all or large parts of the tape being 
unreadable. We elected to include in the stat- 
istical analysis only those tapes with 2:5 hours 
worth of recorded data, there being no indica- 
tion that any imbalance was induced between 
the treatment groups by this selection. 
However, instances of ventricular fibrillation, 
diagnostic categorisation in hospital, and one 
month outcome are known for all study 
admissions, including both untaped patients 


‘and those patients in whom taping was unsuc- 


cessful. 


STATISTICAL ANALYSIS 

We used standard methods for the analysis of 
frequency data. Distributions of total tape 
frequencies and maximum frequency per hour 
were often highly positively skewed with the 
occasional patient yielding values that were 
one or two orders of magnitude greater than 
all other cases in the group. Thus for treat- 
ment comparisons we used either rank sum 
statistics or we examined tables of grouped 
data. For the tables of grouped data the gen- 
eralised logistic regression models described 
by McCullagh, were often appropriate. 
Medians are cited as a measure of central 
tendency. Distributions of the number of 
hours in which a particular arrhythmia was 
seen were more symmetrical and thus means 
are given for these distributions where 
appropriate. 

Because all patients in this study were also 
included in the analysis of ASSET the 
analysis by allocated treatment group was only 
carried out once the ASSET database was 
complete and treatment codes had been 
released. 


Results 

PATIENTS 

During the course of ASSET 436 patients 
admitted to the University Hospital, Notting- 
ham were randomised to treatment. Tape 
recorders were available for 378 (8294) 
patients. Of these recordings 309 had 25 hours . 
of analysable data (mean 21-7 hours), 11 con- 
tained some data, but were short either because 
of technical difficulties or carly death, and 58 
tapes contained no usable data because of 
technical problems. A total of 158 of the 309 
fully analysable taped patients were treated 
with alteplase. The rest (151) received placebo. 
Nearly all (98%) of patients in both groups 
received the complete dose of trial material. 
The treatment groups were well matched for 
pre-admission demographic details and clinical 
details on admission (table 1), time from onset 
of symptoms to start of trial infusion and tape 
length (table 2), and for in hospital diagnostic 


Table 1 Comparability of treatment groups on admission 








All cases Confirmed MI 
Alteplase Placebo Alteplase Placebo 
Time (h) from onset of symptoms to start of infusion. 
<2 9 9 8 6 
2-3 35 39 26 34 
3-4 48 45 36 31 
>4 66 58 38 4l 
Total 2 158 151 108 112 
Male/female 129/29 118/33 91/17 88/24 

e: 
x45 16 15 9 12 
46-55 44 36 29 18 
56-65 63 56 46 47 
66-75 35 44 24 35 

Previous infarct 36 4l 20 28 
70 53 42 35 
Hypertension 28 30 18 23 
Diabetes 5 6 5 4 
Smoker 
No 41 38 32 27 
Ex 38 41 26 32 
Yes 79 72 50 53 
ECG: 
Normal 36 27 9 8 
Consistent with new MI 7" 81 64 79 
Other abnormal 51 42 33 24 
Missing 0 1 0 1 
Treatment with frusemide: - 
None 116 114 74 80 
40 mg 30 22 24 19 
80 mg 11 14 9 12 
+ vasodilator 1 1 1 1 
Other treatment at entry 
B blocker 33 24 16 18 
ECG, electrocardiograph; MI, myocardial infarction. 
Table 2 Comparability of treatment groups: time intervals 
Ali cases Confirmed MI 
Alteplase (n) Placebo (n) Alteplase (n) Placebo (n) 
"Time from infusion to start of tape 
+30 min 110 104 73 78 
30-90 min 17 12 11 11 
290 mun 14 13 13 9 
Not known 17 22 11 14 
Tape hours available for analysis: 

6-12 9 7 
13-18 21 18 Il 8 
19-23 38 28 23 19 
24 93 96 74 78 





MI, myocardial infarcnon. 


Table 3 Hospital diagnosis, 24 hour incidence of ventricular fibrillation and one month 


outcome in all 436 panents 


Tape available (320) 


>S kt «5h 
Alteplase Placebo Alteplare Placebo 
Total 158 151 7 4 
Dead at 1 month 4 14 1 2 
Hospital a 
MI (dead i month) 110 (4) 1204 5(1) 30) 
25 21 0 0 
Others 23 18 2 1 
VF «24h 4 5 0 0 


*Technical problems or recorder not available. 
fen tae chosn. for the statistical analysis of arrhythmua incidence. 
heart disease; MI, myocardial infarction, 


No tape data* (116) 


VF, ventricular fibrillation. 


Wilcox, Bastgate, Harrison, Skene 


categorisation and one month outcome (table 
3). Table 5 also gives the diagnoses and one 
month outcome for the 11 patients with <5 
hours analysable data and the 116 patients who 
had no data because of technical problems. or 
were not taped because a machine was not 
available. ; 

ARRHYTHMIAS à 

Most of the recorded arrhythmias occurred in 
patients with an in hospital diagnosis . of 
myocardial infarction. Isolated ventricular 
extrasystoles were very common. They were 
seen in 96% of patients with myocardial infarc- 
tion given alteplase or placebo, in 66% of non- 
infarct patients who received alteplase, and in 
72% of non-infarct patients who received 
placebo. They occurred throughout the móni- 
toring period for a mean of 17 hours in patients 
with a myocardial infarction and a mean of.10 
hours in the non-infarct patients. However, 
more complex ventricular arrhythmia was 
much less common in the patients without 
infarcts (table 4). : 

When patients without infarcts were 
excluded, the incidence of each of fast and slow 
couplets, ven-ricular tachycardia a, b, and c, 
and supraventricular tachycardia was sig- 
nificantly higher in the alteplase group. [In 
addition, a higher proportion of alteplhse 
patients recorded a rate for isolated ventricular 
extrasystoles of > 30 per hour for at least one 
hour. 

Table 5 indicates that the treatment with 
alteplase was also associated with a small 
increase in the frequency of the occurrence of 
most of the arrhythmias considered. Amdng 
patients with myocardial infarction and VEs, 
couplets, VTas, or VTcs the number of hours 
during which each was seen was significantly 
higher in the alteplase group. There was.no 
significant increase in the maximum frequén- 
cies per hour, but the increase in the number of 
hours during which an arrhythmia was séen 
caused a corresponding increase in the totalon 
tape. 

Hourly analysis of the patient incidence of 
the various arrhythmias showed that the 
increase in the alteplase group was more con- 
siderable during the first 12 hours of 
recordings. Thereafter the incidence in both 
groups gradually declined (fig 1A-D). H 


During the first 24 hours of admission there ` 


were four reports of ventricular fibrillation in 
the alteplase group with analysable tapes dnd 
three reports in the group of 53 alteplhse 
patients with no tape data. There were five 
reports of ventricular fibrillation in the placebo 
group with analysable tapes and three reports 
from the group cf 63 placebo patients with'no 
tape data. The ventricular fibrillation episodes 
proved fatal for two patients—one in the 
alteplase group and one in the placebo group 
(table 3). 


CLINICAL CORRELATIONS 

By one month there had been 18 deaths douti in 
the alteplase group and 14 in the placebo 
group) in the analysable patients; all deaths 
occurred in patients who had an in hospital 


w 
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Table 4 Number of bannis with arrhythmias: by d:agnosis and treaiment 


: MI . Non-MI 
Alteplase (108) Placebo (112)  Alteplase (50) Placebo (39) 

VE:» 30/h 58 44x 9 9 
Couplers: 

Fast 80 57* 5 2 

Slow 76 61* 8 6 
VT: 

a. 68 54* 5 5 

b 28 17* 1 1 

ei 64 46* 2 4 
Roh T 7 2 1 1 
SVT 34 19* 5 '3 


Mi! myocardial infarction; SVT, supraventricular tachycardia; VE, ventricular extrasystoles, 


VT; ventricular tach: 


*Data not consistent with the hypothesis of equal incidence rates m the two treatment groups, ` 


(p < 0-05). Separate tests for MI and non-MI groups 


+ 


diagnosis of acute myocardial infarction. 
However, there seemed to be no relation be- 
tween the arrhythmias recorded in the first 24 
hours and the day on which death eventually 
occurred (table 6). Indeed, we explored the 
clinical database for possible differences be- 
tween those patients who did or did not show 
ventricular arrhythmias and between those 


who died and those who survived; we could . 
` find no predictive features, such as age, site of 


infarct, or smoking habit. 'T'he excess incidence 


of recorded arrhythmias in the alteplase group | 


occurred across the board, rather than being 
confined to a subset of patients. 


Discussion 


Barly treatment with any of the currently. 


available thrombolytic regimens has been 
shown unequivocally to save lives;"* However, 
both the GISSI 1 study and the second inter- 
national study of infarct survival (ISIS 2) 
showed that thrombolysis was accompanied 
by a slight excess of deaths in the first 24-48 
hours in patients treated with streptokinase. 
Although the cause of death is not always easy 
to determine, we need to confirm or refute the 
involvement of reperfusion arrhythmias, par- 


'ticularly because concern has been expressed 


about the safety of the environment in which 
thrombolysis is initiated.’ 

This subset of patients from ASSET now 
provides specific evidence that the use of 
alteplase is accompanied by an increased 
incidence of ventricular arrhythmias. Treat- 
ment with alteplase seems to increase both the 
number of patients who show a range of 
arrhythmias and to increase slightly the 
frequency of the occurrence of these events. 

The most worrying arrhythmia, however, is 
ventricular fibrillation, especially if throm- 
bolytic treatment is given before admission to 
hospital. In a large series from Rotterdam 
intracoronary streptokinase was compared 
with conventional treatment; a lower incidence 
of both early and late ventricular fibrillation 
was reported in the thrombolytic group.” 
Similarly in the intravenous streptokinase in 
acute myocardial infarction (ISAM) study 
there was a significantly lower incidence of late, 
but not early, ventricular fibrillation." In our 
study the incidence of ventricular fibrillation 
was very low during the taping period and there 
was no evidence of any increase associated with 
alteplase. Overall, in the ASSET study the 
incidence of ventricular fibrillation in hospital 
was 3:7% in the alteplase group and 4-696 in 
the placebo treated patients. 

It is pertinent to compare the overall pattern 
of arrhythmias seen in this study with similar 
studies of streptokinase. After analysis of one 
minute electrocardiograms taken every hour, 
Willems and colleagues reported fewer ven- 
trictilar extrasystoles in the streptokinase 
treated group, which were attributed to the 
possibility of smaller infarcts than in placebo 
group. Using intracoronary streptokinase 
and continuous Holter tape monitoring, Miller 
and colleagues concluded that both ventricular 
tachycardia and accelerated idioventricular 
rhythm were more common with active treat- 
ment but bore no relation to the degree of 
reperfusion achieved. However, in a subset of 
the GISSI 1 patients, only accelerated idio- 
ventricular rhythm was reported to be more 
common in the treatment group. 


Table 5 Frequency of arrhythmias in patients with diagnosis of myocardial infarction 


n 
VEs : Alteplase 104 
Placebo 108 

> 30 VEs Alteplase 58 
Placebo 44 

Fast couplets Alteplase 80 
Placebo 57 

Slow couplets Alteplase 76 
n Placebo 61 

RonT . Alteplase 7 
* Placebo 2 

VTa ~ 2- Alteplase 68 
E: Placebo 54 

VTb Alteplase 28 
Placebo 17 

VTc Alteplase 64 
: Placebo 46 

SYT - ~v Alteplase 34 
Placebo 19 


*Difference between treatments significant at the 5% level. 


Mean hours Median maximum Median total 
seen frequency|h on tape 
| 17-8* t t 
153 — == 
5-6 t t 
70 — — 
46* 2 & 
43 1 3 
5 6* 2 T* 
43 1 3 
17 2 2 
10 1 1 
44* 2 4* 
33 1 25 
19 1 1 
15 1 1 
45 2 65 
33 2 3 
21 1 2 
1-8 1 2 


TExact number of VEs not counted for many patients but simply recorded es > 30/hr. 


See foomote to table 4 for abbreviations 
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Hourly occurrence of ventricular arrhythmias. 


Table 6 Days from admission to death and ventricular 





tachycardia during first 24 hours 

Alteplase Placebo 

( deaths 4) Day (deaths 14) Day 

VTa 2 VT a, VT TA VT b/c 1 

VT b 4 VT ajc, nil 2 

Nil 19 VTa 3 

Nil 26 VT a, nil 6 
VTa 7 
Nil 11 
VT a, nil 15 
VTc 18 
Nil 25 





VT, ventricular tachycardia. 


The incidence, time course, and usually 
benign nature of the ventricular arrhythmias 
appearing after thrombolysis with alteplase are 
very similar to that described by Cercek and 
colleagues in a study of 45 patients given 
intravenous streptokinase.” Similarly, the pat- 
tern described in our placebo group accords 
with that reported by Campbell and colleagues 
in a small patient population.” 

We therefore conclude that, in the context of 
a hospital coronary care unit, the use of al- 
teplase provokes little more arrhythmias than 
would otherwise be seen in an individual 
patient and is no more likely than placebo to 
precipitate life threatening arrhythmias. 
Further, if the patient ultimately turns out not 
to have had an infarct we can be confident that 
alteplase at least has no arrhythmogenic ten- 
dencies. In these respects the findings for 
alteplase resemble those for streptokinase. If 
these favourable aspects of thrombolytic treat- 
ment obtain in the pre-hospital phase, then 
another obstacle to even earlier treatment 
would disappear." 


We thank Boehringer Ingelheim UK for financial support. 
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Holter monitoring of ventricular arrhythmias in a 
randomised, controlled study of intravenous 
streptokinase in acute myocardial infarction 


Dimitrios Alexopoulos, Rory Collins, Stamatios Adamopoulos, Richard Peto, 


Peter Sleight 


Abstract 

The occurrence of ventricular arrhyth- 
mias attributed to streptokinase treat- 
ment in acute myocardial infarction’ is 
not well defined. Holter monitoring was 
performed for 24 hours in 81 patients 
with suspected acute myocardial infarc- 
tion randomised in a ratio of 2:1 to 
intravenous streptokinase 1:5 x 10° IU 
(n = 55) or placebo infusion (n = 26) 67 
hours (mean) after the onset of symp- 
toms. No episodes of ventricular fibrilla- 
tion were recorded. For the whole 24 
hour period and during the first three 
hours after the start of treatment the 
incidence and frequency of ventricular 
arrhythmias were similar in the patients 
randomised to streptokinase and to 
placebo. But when the results in patients 
randomised "early" after the onset of 
symptoms of suspected acute myocar- 
dial infarction were analysed separately 
the frequency of abnormal complexes, 
pairs, runs, and repetitive arrhythmias 
seemed to be higher in patients allocated 
to streptokinase. This may reflect arr- 
hythmias associated with reperfusion. 


Streptokinase induced thrombolytic treatment 
of acute myocardial infarction can reopen 
occluded vessels,"? improve ventricular func- 
tioní^ and prolong survival? It has, 
however, been suggested that reperfusion 
produced by thrombolytic treatment"! may 
be associated with an increase in the incidence 


'of early ventricular arrhythmias. Conversely, 


because post-infarction ventricular arrhyth- 
mias are more common after larger infarcts,'? 
thrombolytic treatment, which seems to 
reduce infarct size,‘ might be expected to 
decrease the overall incidence of arrhythmias. 
There are few controlled studies of the 
occurrence of ventricular arrhythmias in 
patients treated with fibrinolytic agents and 
those treated conventionally. 

Ín the present study, 24 hour Holter moni- 
toring was part of a double blind, placebo 
controlled randomised trial of intravenous 
streptokinase in acute myocardial infarction 
(ISIS-2 pilot?) to assess the effects of throm- 
bolytic treatment on ventricular arrhythmias. 
Arrhythmias occurring in the first few hours 
after the start of treatment (which might be 
related to reperfusion) and those occurring 
later during the first 24 hours (which might be 
related to infarct size) were assessed 
separately. Because some studies indicate that 


reperfusion rates may be inversely related to 
the time from onset of chest pain to the start 
of treatment,’ the influence of this delay on 
the incidence of ventricular arrhythmias was 
also investigated. 


Patients and methods 

PATIENTS 

Between June 1983 and February 1985, 138 
patients admitted to the John Radcliffe 
Hospital Coronary Care Unit were random- 
ised in a placebo controlled study, details of 
which have been published elsewhere.” 
Patients were eligible if the symptoms of sus- 
pected myocardial infarction had started less 
than 24 hours before and they had no clear 
indication for or contraindication to streptok- 
inase, heparin, or aspirin (for example history 
of peptic ulcer, gastrointestinal bleed, stroke, 
bleeding disorder, recent surgery, resuscita- 
tion, or other injury, previous streptokinase 
treatment, aspirin allergy) and no life 
threatening condition other than myocardial 
infarction. A 2 x 2 x 2 factorial randomised 
study design was used.? Two thirds of all 
patients were allocated randomly to treatment 
with intravenous streptokinase (1 500 000 IU) 
and one third to receive a matching placebo,” 
started immediately and infused over about 
one hour in 20-100 ml of physiological saline. 
Half of all patients were also allocated 
randomly to receive enteric coated aspirin 
(325 mg every 48 hours) and half to receive 
matching placebo, one tablet each day for 28 
days from a calendar pack, started immedi- 
ately. Similarly, half of all patients were 
allocated randomly to receive heparin (1000 
IU/h for 48 hours, starting 12 hours after the 
end of the streptokinase/placebo infusion) and 
half to receive no intravenous heparin, unless 
it was thought to be clearly indicated. In all 
other respects, physicians were free to use 
whatever additional treatment they considered 
necessary. 


RECORDING AND ANALYSIS OF ARRHYTHMIAS 

Holter tape recorders were available to start 
24 hour  electrocardiographic recording 
immediately before the start of trial treatment 
in 81 of the 138 Oxford patients (table 1). 
After the usual skin preparation modified V1 
and V5 electrocardiographic leads were re- 
corded on two channel Oxford Medilog II 
recorders. All patients had more than six 
hours recording. Two channel qualitative and 
quantitative electrocardiographic analysis was 
performed by a computerised non-triggered 
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Table!  Climcal characteristics 





Variable Sireptokinase (n—55) Placebo (n= 26) 
Pre-randomisation data 
Age (yr) 613 (97) 576 (85) 
Sex (% malc) 78 73 
Systolic blood pressure (mm Hg) 1301 (205 127 (128) 
Heart rate (beats/min) 739 (17 4) 73 (126) 
Previous myocardial infarction (%) 16 12 
Diabetes mellitus (%) 16 0 
"Time from onset of pain (h) 67 (32 66 (3-1) 
Pauents treated withm 6 h 44 (13 44 (15) 
Patients treated later than 6h 95 (28 91 (2-4) 
Infarct site 
Antenor-lateral (%) 44 46 
Inferior-posterior (%) 56 54 
Serum potassium on admission (mmol/l) 39 (0-5) 41 (04) 
Post-randomisauon data 
Anuarrhythouc agents (in the first 24 hours). 
Lignocaine (%) 4 0 
Amiodarone (%) 2 0 
Peak enzyme activities during hospital stay. 
AST GUN) 432 (279) 363 (270) 
LDH AUN) 887 (736) 1157 (963) 
Holter analysed (h) 231 (27) 217 (46) 


AST, aspartate aminotransferase, LDH, lactate dehydrogenase. 


template system consisting of a Z80A pre- 
processor and a DEC-LSI master, which had 
been used in our laboratory for the analysis of 
complex ventricular arrhythmias. The 
analysis was made without knowledge of the 
patient’s treatment regimen. The following 
definitions were used: 

(a) Abnormal complexes—abnormal QRS- 
shaped complexes with a coupling interval of 
> 80% of the preceding RR interval. 

(b) Ventricular extrasystoles—abnormal QRS- 
shaped beats with a coupling interval <80% 
of the preceding RR interval. 

(c) Patrs—two consecutive abnormal QRS- 
shaped beats. 

(d) Runs—three or more abnormal QRS- 
shaped beats with a heart rate « 120/min. 

(e) Ventricular tachycardia—three or more 
consecutive abnormal QRS-shaped beats with 
arate 2120 beats/min. 

(f) Repetitwe arrhythmias—pairs, runs, and 
ventricular tachycardia. 

When pairs, runs, and ventricular tachycar- 
dia were detected by the computer the 
analysis was automatically stopped and the 
operator confirmed the pattern. Because of the 
varying QT interval all ventricular extra- 
systoles with coupling interval <400 ms were 
screened carefully to identify and count the R- 
on-T extrasystoles accurately. 

Arrhythmias recorded during the 24 hour 
study period in patients allocated to a strep- 
tokinase infusion were compared with those 
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in patients allocated to a placebo infusion. 
Arrhythmias occurring in the first three hours 
after treatment started were also compared 
with those occurring in the remaining 21 
hours. Though the factorial design does in 
principle allow separate assessment of the 
effects of aspirin and of heparin, it was not the 
intent of this arrhythmia study to consider 
such effects in any detail. Furthermore, 
because heparin was started 13 hours after the 
start of Holter monitoring, any differences 
caused by heparin could only be expected 
during the later part of the Holter monitoring. 


STATISTICAL ANALYSIS 

Baseline clinical characteristics were com- 
pared by the unpaired Student's £ test or y? 
test as appropriate. We compared the inci- 
dence of arrhythmia (percentage of patients 
with arrhythmias) and their frequency per 
hour (total number of arrhythmias for each 
patient divided by the hours of recording) 
among patients allocated to streptokinase and 
those allocated to placebo by the x° test and 
the Wilcoxon rank test, as appropriate. Values 
were expressed as mean (1 SD) or median and 
range. 


Results 
OCCURRENCE OF ARRHYTHMIAS 
No episodes of ventricular fibrillation were 
seen in this small study. Overall there were no 
significant differences between the strepto- 
kinase and the placebo groups in the percent- 
age of patients with ventricular arrhythmias 
(table 2). Similarly, there were no significant 
differences betwen the treatment groups in 
the percentage of patients with arrhythmias 
within three hours of the start of thrombolytic 
treatment and the percentage with arrhythmia 
during the remaining 21 hours. In eight 
patients, there was a sudden increase in ven- 
'tricular arrhythmias soon after the start of the 
infusion. These episodes lasted less than 90 
min and were followed by infrequent ventri- 
cular arrhythmias during the remaining 
monitored hours (fig 1). This pattern was 
more common (but not significantly so) in the 
streptokinase group (seven patients (13%)) 
than in placebo group (one patient (4%)). 
When patients treated early (that is within 
six hours) after the onset of symptoms were 
considered separately, there was no significant 
difference in the percentage with arrhythmias 
in the different treatment groups (table 2). 


Table 2 Percentage of patients unth ventricular arrhythrmas recorded on Holter monitoring 


All patients (n= 81) 

SK (ne555) P(n=26) 
Abnormal complexes 100 100 
Extrasystoles 100 100 
Ron Ts 73 88 
Pairs 82 88 
Runs 89 TT 
V tach 62 62 
Repetitive 93 92 


P, placebo; SK, streptokinase; V tach, ventricular tachycardia. 





6h (n=44) 6-24 h 
SK (n=30)  P(nz-14) SK (n225) P (n=12) 
100 100 100 100 
100 100 100 100 
83 93 60 83 
90 93 72 83 
97 79 80 75 
63 64 60 58 
97 100 88 83 
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Figure 1 Distribution of 30 
abnormal complexes from a 
patient with sudden g 
increase in arrkythmas x 
shortly after the start of r.i 
streptokinase infusion. £ 
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Table 3 Median frequency (range) per hour of ventricular arrhythmias 








All patients &6h 6-24 h 
SK P SK P SK P 
Abnormal complexes 39 27 79 27} 24 27 
(0 2-390) (0 1-76) (0 5-390) (0 1-76) (0 2-11) (0 3-69) 
Extrasystoles 50 58 97 58 3-1 
(0 3-889) (0 5-497) (0 6-889) (0 5-497) (0 +71) (2 1-142) 
Ron Ts 02 02 02 02 01 
(0-41) (0-41) (0-41) (0-26) (0-1 3) (0-41) 
Pairs 03 02 7 021 02 02 
(0-39) (0-15) (0-39) (0-15) (0-1 3) (0-6 4) 
Runs 03 01 07 * 0 0 
(0-24) (0-12) (0-24) (0-12) (0-1 2) (0-2 8) 
V tach 0 01 0 
(0-3 3) (0-0 3) (0-3 3) (0-0 3) (0-0 2) (0-0 2) 
Repetitive 08 03 17 04t 0 03 
(0-60) (0-28) (0-60) (0 1-28) (0-2 3) (0-9 2) 
*2p < 0-02, t2p < oer « 0005. 
See foomote to table 2 for abbreviations 
Wl SK allocated HOURLY FREQUENCY OF ARRHYTHMIAS 
EC] Placebo allocated Overall there were no significant differences 
in the first 19 hours after (iin hours 13—24 after between the streptokinase and the placebo 
100 ^ randomisation $db randomisation groups in the average hourly frequency of 
ventricular arrhythmias (table 3). The hourly 
2175 2175 frequency of arrhythmias recorded within 
$ E three hours of the onset of treatment and 
$150 8|50 during the remaining 21 hours of recording 
* a) was similar in the treatment and placebo 
ae! 25 | 25 groups. But for patients treated within six 
Xi m. o hours of the onset of pain there were sig- 
9 oN F 9 E oN FD E nificant differences between the treatment 
v o $ S vw Xy oS groups in the frequency of abnormal com- 
N Re T E plexes, of pairs, of runs, and of repetitive 
100 Abnormal complexes 100 lag ir arrhythmias (table 3). This seemed to be lar- 
gely the result of an increase in such arrhyth- 
275 gl7e mias during the first 12 hours after treatment 
T ai $150 (figs 2-4) and was not apparent among 
él = patients treated 6—24 hours after the onset of 
i25 i25 pain (table 3). 
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Figure 2. Percentage of patients and mean number of abnormal complexes, runs, and 
repetitive arrhythmias seen during the first 12 hours and 13—24 hours from 
randomsation SK, streptokinase. 


Discussion 

There is little detailed information from Holter 
monitoring on the effects of fibrinolytic treat- 
ment on arrhythmias. To our knowledge, only 
two previous studies have attempted quanti- 
tative analysis of post-thrombolysis arrhyth- 
mias by continuous electrocardiographic 
monitoring. Willems et al used a low initial 
intravenous streptokinase dose regimen 
(250 000 IU initially, followed by 100 000 IU/ 
hour for 24 hours) and they found no overall 
difference in the number of extrasystoles.’ 
Differences in baseline arrhythmias and in the 
use of antiarrhythmic agents, however, were 
considered by these workers to have limited the 
value of their study. More recently, in a study 
of 750 000 or 1500 000 IU of intravenous 
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Figure 3 Percentage of patients treated mithin six hours from onset of symptoms and 
mean number of abnormal complexes, runs, and repetitive arrhythmias seen during the 
first 12 hours and 13-24 hours from randomisation. SK, streptokinase. 
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Figure 4 Percentage of patients treated more than six hours from onsat of symptoms 
and mean number of abnormal complexes, runs, and repetitive arrhythmias seen during 
the first 12 hours and 13-24 hours from randomisation. SK, streptokinase. 
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streptokinase given over about 2:5 hours), 
Cercek et al reported on the percentage of 
patients with arrhythmias attributed to reper- 
fusion defined by non-invasive indices. There 
was, however, no control group in this study 
with which to compare the patients given 
fibrinolytic treatment. 

In the large GISSI trial conventional (that is 
non-Holter) electrocardiographic monitoring 
detected early arrhythmia in only 1:2% of the 
patients allocated to streptokinase treatment 
but in this trial the frequency of early arrhyth- 
mias was not recorded in the open-control 
patients.’ In a subgroup of 433 patients parti- 
cipating in GISSI, arrhythmic events were 
recorded by computerised coronary care or 
Holter monitoring during the first two hours 
after randomisation. No clear differences were 
demonstrated between the patients allocated to 
the streptokinase and control groups." 

Ventricular fibrillation was not seen in any 
patient in the present Holter study, but this is 
not surprising given its small size. In the large 
ISIS-2 trial, the observed incidence of ven- 
tricular fibrillation during the first 24 hours 
after the start of treatment was similar in the 
patients allocated to streptokinase and placebo 
(2:895 v 2-895, unpublished data), while ven- 
tricular fibrillation during hospital admission 
was somewhat less common in patients allo- 
cated to streptokinase (43% v 49%). A 
similar, non-significantly lower incidence of 
ventricular fibrillation in hospital was also seen 
in the GISSI and recent tríals of other fibrino- 
lytic agents.'® ? 

The intention of the present Holter study 
was to assess the effects of streptokinase on 
arrhythmias in a randomised controlled study. 
Streptokinase did not seem to increase the 
overall percentage of patients with arrhythmia 
or the overall frequency of arrhythmias among 
the patients entered in the study, though there 
was a suggestion that streptokinase might be 
associated with an increased frequency of 
abnormal complexes, of runs, and of repetitive 
arrhythmias among patients treated early after 
the onset of pain. Because angiographic data 
were not available for patients in this study, this 
apparent excess of arrhythmias cannot be 
attributed definitely to myocardial reperfusion, 
though this seems to be a plausible hypothesis 
worthy of further study. 

In this study intravenous streptokinase treat- 
ment seemed to have a low arrhythmogenic 
potential (and, indeed, larger studies suggest 
that serious arrhythmias may be less common 
with fibrinolytic treatment). Consequently, 
there may be little need for treatment with 
prophylactic antiarrhythmic agents in patients 
given fibrinolytic treatment, particularly in 
view of the lack of evidence for any benefits of 
these agents” in the treatment of suspected 
acute myocardial infarction when fibrinolytic 
treatment is not used. 


RC was supported by the Briush Heart Foundation Hoechst 
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Prognostic value of reduced heart rate variability 
after myocardial infarction: clinical evaluation of a 


new analysis method 


T R Cripps, M Malik, T G Farrell, A ] Camm 


Abstract 

The relation between heart rate 
variability, measured from standard 24 
hour electrocardiogram recordings in 
patients convalescent after a myocardial 
infarction, and the occurrence of sudden 
death and spontaneous, symptomatic, 
sustained ventricular tachycardia were 
assessed in a consecutive series of 177 
patients admitted with acute myocardial 
infarction and surviving to 7 days. In 
addition to the analysis of heart rate 
variability, the occurrence of non-sus- 
tained arrhythmias on 24 hour elec- 
trocardiographic monitoring, and the 
results of clinical assessment, signal 
averaged electrocardiography and ejec- 
tion fraction were analysed and were 
related to outcome. During a median of 
16 months of follow up (range 10-30 
months) there were 17 end point events 
(11 (6:296) sudden deaths) and six (3:476) 
episodes of sustained ventricular tachy- 
cardia. An index of the width of the 
frequency distribution curve for the 
duration of individual RR intervals was 
used to measure heart rate variability. 
This mean (SD) index was significantly 
smaller in those with end point events 
(16:8 (8:0)) than in those without events 
(29-0 (11:2). The relative risk of the 
occurrence of an end point event in those 
with a heart rate variability index <25 
was 7:0. Multivariate analysis showed 
that of all the variables examined a 
reduced heart rate variability index was 
the single most powerful predictor of 
end point events. 

Measurement of heart rate variability 
by this simple, automated, operator- 
independent method provided useful 
information on the arrhythmic propen- 
sity in patients convalescent after 
myocardial infarction. 


Reduced heart rate variability, expressed as 
the standard deviation of RR intervals recor- 
ded on a 24 hour electrocardiogram in patients 
convalescent after myocardial infarction, was 
related to mortality during follow up.’ It is 
thought that decreased heart rate variability 
results from a relative decrease in parasym- ' 
pathetic activity in relation to sympathetic 
activity, and that this facilitates arrhyth- 
mogenesis.? 

The standard deviation method for measur- 


ing heart rate variability can be laborious, 


because noise and artefact (from which no 
clinical quality long term electrocardiogram 
recording is completely free) can considerably 
influence the results. Visual checking and 
correction are therefore required.! 

We devised a simple, arithmetic method to 
produce an index of beart rate variability from 
clinical quality long term electrocardiogram 
recordings without the need for rigorous 
checking or correction, so that the analysis can 
be carried out rapidly and independently of 
operator skill in the clinical setting. We have 
assessed the prognostic value of analysis of 
heart rate variability by this method, in rela- 
tion to other prognostic variables including 
clinical assessment, signal averaged elec- 
trocardiography, measurement of ejection 
fraction, and non-sustained ventricular ar- 
rhythmias on long term electrocardiographic 
recordings, in a consecutive series of convales- 
cent patients after infarction. 


Patients and methods 

PATIENTS 

All patients aged <70 admitted to the hospital 
between 1 May 1986 and 1 June 1988 as 
general medical emergencies having sustained 
an acute myocardial infarction within the 
previous 24 hours were seen within 48 hours 
of admission and were considered for 
inclusion in the study, which was approved by 
the regional ethics committee. Acute myocar- 
dial infarction was diagnosed when two or 
more of the following features were present: 
(a) chest pain suggestive of myocardial 
ischaemia persisting for at least 20 minutes 
and unrelieved by glyceryl trinitrate; (b) a 
sequential rise and fall in the plasma concen- 
trations of aspartate transaminase, 2- 
hydroxybutyrate dehydrogenase, and/or 
creatine kinase with a peak concentration at 
least twice the upper limit for our laboratory; 
and (c) the development of new abnormal Q 
waves or persistent ST/T changes suggestive 
of non-Q wave myocardial infarction. Patients 
were ineligible if they had non-cardiac disease 
likely to influence mortality, important non- 
ischaemic cardiac disease, a history of 
previous cardiac surgery or permanent 
pacemaker insertion, and if they refused or 
were unable to attend for follow up. Because 
this was a long term prognostic study, we also 
excluded patients who died or had cardiac 
surgery within 7 days of the onset of myocar- 
dial infarction—the usual time of hospital dis- 
charge. Patients transferred from other hos- 
pitals to the regional cardiothoracic unit with 
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Figure 1 Frequen 
distribunon curves for a 
patient who died suddenly 


course. 
for thé patient who died 
was narrower, 
quantification of heart rate 
variability by the standard 
deviation (SD RR) 1s 
misleading because of the 
esence of artefact. The 
eart rate variability 
(HRV) index, however, 
faithfully represents the 
visual impression of a 
lower variability in the 
patient who died. 


complications of acute myocardial infarction 
were not included, so that the population 
studied would be representative of patients 
admitted to a general hospital and surviving to 
discharge after myocardial infarction. Those 
with previous infarction were included, as 


' were those with Q and non-Q wave infarction. 


CLINICAL ASSESSMENT 

Infarct site (anterior or inferior/posterior) and 
type (Q or non-Q) was determined from all 
electrocardiogramis recorded during admission 
including one at discharge. A Q wave was 
defined as an initial negative deflection of 
either or both (a) 40 ms duration and (b) at 
least 25% of the amplitude of the succeeding 
R wave. The Killip class on admission was 
noted and the patients were reviewed daily by 
one of us (TRC) to document the occurrence 
of in-hospital complications. The important 
in-hospital complications were cardiogenic 
shock (defined as a systolic blood pressure 
«90 mm Hg with evidence of inadequate 
cardiac output), radiographic pulmonary 
oedema, persistent tachycardia (heart rate 
>100 beats/minute on' the third.or sub- 
sequent day), post-infarction angina or rein- 
farction, and blood urea > 8-4 mmol/l). 


LONG TERM ELECTROCARDIOGRAPHIC 
MONITORING AND ANALYSIS OF RR INTERVAL 
Twenty four hour  electrocardiographic 
monitoring was carried out by conventional 
techniques more than 5 days after infarction 
(median 7 days). Iu no case was the recording 
made after an end point had occurred. A 
Tracker recorder (Reynolds Medical, Hert- 
ford) was used. The patients were encouraged 
to continue their daily activities while the 
recording was made, and their medication at 
the time of recording was noted. 

Tapes were analysed for the incidence of 
arrhythmias and the variability of the RR 
interval. We used a standard operator-com- 
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puter interactive method with a commercially 
available device for tape analysis (Pathfinder 
III, Mark II, Reynolds) to measure the 
frequency of extrasystoles and the occurrence 
of couplets,  non-sustained ventricular 
tachycardia, and multiform ventricular 
extrasystoles. The analysis system identified 
the different shapes of the aberrant beats; the 
triggering level for this identification can be 
adjusted by the operator. In each patient we 
did an initial standard check to ensure that 
normal and extrasystolic complexes were trig- 
gering the equipment correctly. A frequency 
of >10 extrasystoles/hour was regarded as 
abnormal*; no patient was given antiarrhyth- 
mic treatment on the basis of the long term 
electrocardiogram recording. 

To measure the variability of the RR 
interval we digitised the tapes and transferred 
the digital information via a serial link to a 
personal computer (IBM PC-AT). Each beat 
was tagged as normal or aberrant according to 
its recognition by the algorithm for tape: 
analysis. A frequency distribution for all of 
the normal-normal RR intervals was then 
generated, and the mean RR interval dura- 
tion, the modal RR interval frequency, the 
standard deviation of all the normal-normal 
RR intervals, and the total number of recogn- 
ised normal complexes were recorded (fig 1). 
Aberrant-normal and normal-aberrant beat 
intervals were excluded from analysis. Only 
normal-normal beat intervals were analysed. 

'The development of the most meaningful, 
method for quantifying heart rate variability 
from such data was described elsewhere.) We 
found that the use of the standard deviation of 
RR intervals was not the most meaningful 
method, because, as can be seen from fig 1, 
artefact can heavily weight the result. One 
approach to this is to check and eliminate the 
artefactual intervals visually. The alternative 
approach, which we have adopted, is to devise ' 
an arithmetic method of expressing heart rate 
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Figure 2. Triangular 
method for analysis of 


heart rate variability. The 


main peak of the RR 
tnterval frequency 
distribution diagram is 
approximated to a 
triangle. Heart rate 
variability 1s quantified 
from the length of the base 
of this triangle, calculated 
according to simple 
geometrical rules. 


Number of beats 





RR interval duration 


variability that is resistant to the low level of 
artefact found in clinical quality 24 hour tape 
recordings. 

Of all the arithmetic methods tested the best 
for discrimination between post-infarction 
recordings from patients with and without 


arrhythmic events was the method shown in fig 


2. If the main peak on the frequency distribu- 
tion diagram for computer-recognised RR 
intervals is regarded as a triangle, its baseline 
width (b) (which expresses the amount of RR 
interval variability) can, according to simple 
geometrical rules, be calculated from the tri- 
angle's height (h) and area (A). The “height” is 
equal to the most frequently observed duration 
of RR interval (the modal frequency) and the 
“area” is (since the frequency of artefactual 
intervals is small compared with the frequency 
of the non-artefactual ones) approximately 
equal to the total number of computer recog- 
nised RR intervals. This "triangular index" is 
thus derived from a trivial calculation: 
Triangular index = total number 

of intervals/modal RR interval frequency. 
The dimensions of the index are related to time, 
but we think that it is clearer to leave the index 
without units. 

The triangular index tends to exaggerate the 
variability when the distribution of RR 
intervals is bimodal or polymodal, but since in 
such cases the variability is necessarily greater 
than where the frequency distribution consists 
of a single, narrow peak, which tends to be the 
case in the complicated cases (fig 1) this effect 
tends if anything to increase the ability of the 
method to distinguish the high risk cases. 


HIGH GAIN, SIGNAL AVERAGED 
ELECTROCARDIOGRAM 

Signal averaged  electrocardiography was 
carried out with a commercially available high 
resolution electrocardiograph (Arrhythmia 
Research Technology, Model 1200 EPX) at a 
median of five days after infarction. The princi- 
ples and operation of this device were reported 
elsewhere.’ The high-pass filter was set at 25 
Hz and 100—200 beats were averaged to achieve 
a final noise level of «0:8 pV. We defined the 
presence of late potentials by Simson’s 
criteria’: a prolonged filtered QRS alone was 
not regarded as a positive criterion if the QRS 
duration measured from the standard elec- 
trocardiogram was > 120 ms. In all cases, the 
recording was performed at the bedside and 
completed within five minutes. No patient was 
given antiarrhythmic treatment on the basis of 
the signal averaged electrocardiogram results. 
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EJECTION FRACTION MEASUREMENT 

Where possible left ventricular function was 
assessed from global left ventricular ejection 
fraction in all patients within the first month 
after infarction. If angiography was performed, 
the left ventricular end systolic and end dias- 
tolic volumes were measured by: planimetry 
from the right anterior oblique projection and 
the ejection fraction was calculated by the 
Dodge formula. If angiography was not perfor- 
med the ejection fraction was measured by 
standard radionuclide techniques. 


FOLLOW UP - 
All patients were followed up at regular 
„intervals in the outpatient clinic. Careful 
inquiries were made of the relatives and general 
practitioners of non-attenders to determine 
whether they had died and, if so, the mode of 
death. The primary end point was the 
occurrence of an arrhythmic event outside the 
context of reinfarction (sudden death or spon- 
taneous, symptomatic, sustained ventricular 
tachycardia more than 48 hours after the onset 
of infarction). 
Sudden death was defined as death within an 
hour of the onset of symptoms. Ischaemic 


- events included reinfarction (defined as for the 


initial infarction (see above) in patients in 
hospital) or the occurrence of persistent 
uncharacteristic ischaemic type pain in those 
dying out of hospital. 

The end points were chosen because they 
seemed most appropriate for a study seeking to 
predict ventricular tachycardia, as distinct 
from mortality from all causes, especially rein- 
farction, which tests such as the signal averaged 
electrocardiogram and heart rate variability 
analysis would not be expected to predict. 

Because the population was a geographically 
stable one and relatively small, through per- 
sonal contact we were able to discover the 
outcome in all who did not attend an outpatient 
appointment. 


STATISTICAL ANALYSIS 

We compared groups of continuous variables 
by the two group two tailed t test and discrete 
variables by the x? test with Yates’s correction 
where appropriate. 

We used the following definitions: sensi- 
tivity, percentage of patients with an event who 
had a positive test result—that is, true positive/ 
true positive + false negative; specificity, per- 
centage -without an event with a negative 
result—that is, true negative/true negative + 
false positive; positive predictive accuracy, per- 
centage of patients with a positive test result 
who suffered an event—that is true positive/ 
true positive + false positive; negative predic- 
tive accuracy, percentage with a negative test 
without an event—that is, true negative/true 
negative + false positive; efficiency, percentage 
with correct test result—that is, true positive + 
true negative/total; relative risk, risk of suffer- 
ing an event in those with a positive test 
compared with those with a negative test—that 
is, positive predictive accuracy/(false positive/ 
total negative). 

Multivariate analysis was carried out using 
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Table 1 Clinical characteristics of mcluded and 
excluded patients 





Tested Not tested p 
Number 177 53 — 
Age (yr) 56 (9) 57 (9 NS 
Sex (% female) 19 19 NS 
Infarct site (% anterior) 51 47 NS 
Q wave (%) 66 63 NS 
Previous AMI (95) 11 22 «004 
Küllip class > I] (96) 5 15 «002 
THC (%) 31 43 NS 
Ejection fraction (%) (SD) 54 (14 50 (21) NS 
Death rate (96) 6 21 «0 002 





AMI, acute myocardial mfarction, IHC, occurrence of m- 
hospital complications. 


Table 2. Results (mean ( SD)) of 24 hour electrocardiographic monitoring in patients 








with events and without 

Sudden death 

and VT No events p 
Mean RR interval (8) 071 (0 09) 087 (015) «0 0001 
Standard deviation RR 0-12 (0 09) 012 (005) NS 
HRV index 168 (80) 29 (112 «0 0001 
Extrasystolic frequency (/ h) 132 (225) 73 (25 NS 


HRV index, heart rate variability index; standard deviauon RR, heart rate variability by the 
standard deviatidn method, VT, ventricular tachycardia 


the Cox proportional hazards model and the 
PHGLM procedure in the SASS mainframe 
program. Throughout the study probability 
values of «0:05 were regarded as statistically 
significant. 


Results 
PATIENTS 
During the period of the study 230 patients 
were admitted to the hospital with myocardial 
infarction and were eligible for entry to the 
study according to the exclusions listed in the 
methods section. Four were excluded because 
of life threatening non-cardiac disease; two 
because of important non-ischaemic cardiac 
disease; eight because of prior cardiac surgery; 
two because they had permanent pacemakers, 
and two who refused or were unable to attend 
follow up. 2 

Of the remaining patients, the tapes of six 
were not suitable for analysis of heart rate 
variability because of atrial fibrillation; in 11 
technical problems prevented analysis (three 
completely blank, five with barely discernible 
R waves, and three destroyed by the tape 
transport mechanism), and in 36 there was no 
tape available. There were thus 177 patients 
whose tapes underwent analysis. In no case did 
we reject a tape of a quality acceptable for 
clinical arrhythmia analysis for heart rate 
variability analysis. 

There was no significant difference (table 1) 
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Figure 3 Recemer-operator characteristic curve (ROC 
curve) for heart rate variability index. The division 
bermeen normal and abnormal values is indicated (D) 


between eligible patients who did and did not 
undergo heart rate variability analysis in terms 
of age, sex, infarct site or type, the occurrence 
of important in-hospital complications, or ejec- 
tion fraction. There was a slightly higher 
incidence of previous infarction, Killip class 
7 II, and death in those not tested: this was 
because several patients in whom the initial 
recording was not done or was not satisfactory 
could not undergo a repeat recording because 
they died soon after discharge. The clinical 
characteristics of the study population (table 1) 
show that it was comparable with other repor- 
ted populations of patients surviving to dis- 
charge after acute myocardial infarction. 


FOLLOW UP 

Follow up of the study group was complete, 
with none lost, and continued for a median of 
16 months (range 10—30 months). During this 
time, 17 patients (9:675) experienced end point 
events—I1 sudden deaths (6-2%) and six 
(3-495) spontaneous symptomatic sustained 
ventricular tachycardias. There were two other 
deaths, one in a patient admitted with reinfarc- 
tion who died of progressive cardiogenic shock 
culminating in electromechanical dissociation 
and one with atrial fibrillation who died in 
pulmonary oedema. 


LONG TERM ELECTROCARDIOGRAM RECORDINGS 

Table 2 shows the results of the long term 
electrocardiogram analysis, both for frequency 
of extrasystoles and heart rate variability. The 
mean RR interval was shorter. (heart rate 
higher) in those with events than in those 
without events, and the heart rate variability 


a ^^ 
A uS 
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Table 3 Value of 24 hour tape variables 1n predicting sudden death and ventricular tachycardta inu "n 
T€. cen 
Sens (9$) Spec(?«€) | PPA(?6) NPA(%) Eff (%) ^ Relanwe risk 
HRV index «25 87 56 15 98 58 30^ 
Standard deviation RR « 50 ms 67 63 14 95 63, * s 31 
Frequency of extrasystoles > 10/h 40 85 20 94 81 ` 33 
Mulnform extrasystoles 59 66 15 94 65 ^. 25 
Non-sustuined VT 29 91 21 92 85 35 


HRV index, heart rate variability index, Eff, efficiency, NPA, negative predictive accuracy; PPA, positive predictive accuracy; 
Sens, senmuvity, Spec, specificity; standard deviation RR, heart rate variability by the standard deviation method; 
VT, ventricular tachycardia. 
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Table 4 Relation between heart rate variability index and nature of end point event 


n Buents No events P 
Arrhythmic events 17 168 (80) 290 (112) 0 0001 
Ischaemic events 13 29-7 (15 4) 277 (112) NS 
Sens Spec PPA NPA Bf Relative risk 
Arrhythmuc events 87 56 15 98 58 70 
Ischaemic events 38 51 6 91 50 07 


Sce footnote to table 3 for abbrevianons. 


index was lower in those with events. There 
was no significant difference between the two 
groups, however, in terms of the mean 
extrasystolic frequency or the standard devia- 
tion of RR interval durations. There was no 
correlation between the results of analysis of 
heart rate variability and mortality from all 
causes. 

The mean number of recognised normal- 
normal RR intervals analysed was 98 581; in no 
case were fewer than 75 000 intervals analysed. 
No patient had an aberrant beat count of > 500 
in 24 hours, and so it is clear that nearly all 
recognised intervals were normal-normal 
intervals. 

Table 3 shows the results of dichotomising 
the 24 hour tape data into positive and negative 
test results. The point chosen for dichotomy 
was at the previously suggested level of 10 
extrasystoles per hour* and at 50 ms for the 
standard deviation of RR intervals.! For the 
heart rate variability index we selected the 
point of optimum trade-off between sensitivity 
and specificity (fig 3). The optimum dichotomy 
points for extrasystolic frequency and standard 
deviation of RR intervals from our data resem- 
bled previously published values. 

Itisclear that, while there is an increased risk 
of end point events with the traditional 24 hour 
tape variables, namely a higher frequency of 
extrasystoles, multiform extrasystoles, the 
occurrence of  non-sustained ventricular 
tachycardia, and a reduced standard deviation 
for RR intervals, the heart rate variability index 
is far more powerful as a predictor of primary 
end point events with a relative risk of event 
occurrence of 7-0 in those with a heart rate 
variability index «25. 

Table 4 shows the prediction of arrhythmic 
and ischaemic events by the heart rate 
variability index. It seems that a reduced heart 
rate variability index tends to be associated, as 
would be expected, primarily with arrhythmic 
rather than ischaemic events. 


OTHER PROGNOSTIC VARIABLES 
Table 5 shows the results of the other prognos- 
tic tests in relation to the occurrence of end 
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points. In 11 patients the result of the signal 
averaged electrocardiogram was not available, 
either because of bundle branch block or tech- 
nical problems and in 36 the ejection fraction 
data were not available for administrative 
reasons. Table 5 shows that, unlike the other 
prognostic variables, reduced heart rate 
variability is powerfully associated with the 
occurrence of end point events. 


MULTIVARIATE ANALYSIS 

The results of multivariate analysis showed 
that though several of the known prognostic 
variables tested were individually associated 
with the occurrence of end point events, the 
single most powerful prognostic variable was 
the presence of a reduced heart rate variability 
index (f) coefficient — 0-159; adjusted y? 10-2, 
p « 0-0014). A reduced heart rate variability 
index of « 25 provided independent prognostic 
information above that provided by age and 
mean heart rate, and the use or avoidance of fi 
blockers. 


Discussion 

This study had two aims: firstly, to apply a 
novel, simplified, wholly automated method 
for the analysis of the variability of heart rate 
over a 24 hour period? to a large population of 
patients convalescent after myocardial infarc- 
tion; and, secondly, to relate the prognostic 
significance of reduced heart rate variability to 
other, recognised prognostic variables after 
infarction. _ . 

Our results showed that the heart rate 
variability index we used gave clinically mean- 
ingful information. The relative risk of sudden 
death or the development of symptomatic, 
sustained ventricular tachycardia during follow 
up was seven times greater in those with an 
index of «25 than in those with an index of 
>25 (table 3). This index was a much better 
predictor than the conventional 24 hour tape 
variable (an extrasystolic frequency of > 10 per 
hour) both in terms of relative risk and sen- 
sitivity. As expected, however, the mean heart 
rate, presumably a reflection of infarct size, was 
also different in those with events and without. 
Multivariate analysis, however, showed that 
reduced heart rate variability did provide prog- 
nostic information independent of mean heart 
rate. 

The other prognostic variables examined 
also provided useful information: the occur- 
rence of late potentials, a reduced ejection 
fraction, and clinical evidence of major infarc- 
tion were all associated with a relative risk 
of 2-4 of the occurrence of end point events 


Table 5 Comparison of value of heart rate variability tndex with other prognostic tests for the prediction of sudden 


death and ventricular tachycardia 

Test Sens Spec 
Heart rate variability index 87 56 
Presence of late potentials 50 80 
Admission Killip class II 18 96 
In-hospital complications 65 74 
Bjection fraction 40% 22 89 


See footnote to table 3 for abbreviations. 


PPA NPA BF Relative risk 
15 98 58 70 
19 95 78 3:5 
33 92 89 40 
21 95 73 43 
10 96 86 ~ 22 


(table 5). Each individual test, however, 
seemed to be less powerful than reduced heart 
rate variability in predicting the occurrence 
of sudden death and spontaneous, sustained 
ventricular tachycardia. 

Only a small number of end points occurred 
in our relatively small population, and so it is 
not possible to extrapolate the results of this 
study to other populations with any confidence. 
Calculated confidence intervals are 74 to 100% 
for sensitivity, 48 to 64% for specificity, and 0 
to 55% for predictive accuracy. However, our 
results are in accord with the other large scale 
study of heart rate variability analysis in post- 
infarction patients.’ ZUM 

Our study was retrospective in the sense that 
the division between a normal and an abnormal 
index of heart rate variability was selected to 
give the best discrimination between patients 
with and patients without arrhythmic events. 
'The prognostic value of the index was thus 
optimised, and a proper comparison with the 
other prognostic variables must await further 
prognostic studies. Because the technique we 
describe 1s simple and rapid to perform, such 
studies are entirely feasible. Also, in the mul- 
tivariate analysis, heart rate variability was 
treated as a continuous variable, and so the 
results were not biased by a favourable division 
into normal and abnormal. 

Our result depended, of course, on the beat 
recognition method used by the long term 
electrocardiogram analysis system. Different 
systems should be studied too. 

In this study we did not further investigate 
the mechanism of the relation between reduced 
heart rate variability and the occurrence of 
arrhythmic events. It seems that reduced heart 
rate variability reflects a disturbance of sym- 
pathovagal interaction towards a decrease in 
parasympathetic activity. Such an imbalance 
is thought to facilitate the emergence of ven- 
tricular tachycardia.’ Increased sympathetic 
activity is of course related to impaired left 
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ventricular function, but multivariate analysis 
showed that in this population a reduction in 
heart rate variability did provide prognostic 
information above that obtainable from recog- 
nised indices of left ventricular impairment, 
including the ejection fraction. In other words, 
not all of those with large infarcts were at 
increased risk of arrhythmic events; the 
presence of reduced heart rate variability 
helped to focus more accurately upon those 
who were. 

Efficient risk stratification after myocardial 
infarction is desirable, to reassure the low risk 
group, to spare this group further investigation 
and treatment, and to focus attention upon the 
high risk patients, on whom novel treatments 
can be tested effectively. It seems that analysis 
of heart rate variability can add to the accuracy 
of non-invasive prognostic stratification after 
acute infarction; the method of analysis we 
have described has the advantage of being 
computationally simple, rapid, repeatable, and 
operator independent. 
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Direct measurement of skeletal muscle fatigue in 
patients with chronic heart failure 


Nigel P Buller, David Jones, Philip A Poole-Wilson 


Abstract 

Skeletal muscle function was measured 
as force production and fatigue in both 
the quadriceps (a large locomotive mus- 
cle) and adductor pollicis (a small 
intrinsic hand muscle) in five healthy 
volunteers, five patients with mild 
chronic heart failure, and five patients 
with severe chronic heart failure. The 
quadriceps of patients with chronic 
heart failure had a reduced muscle cross 
sectional area, a reduced maximum 
isometric force production, and an 
increased tendency to fatigue. Isometric 
force production and fatigue of the 
adductor pollicis, however, were not sig- 
nificantly different between the three 
groups under control conditions. But 
during circulatory occlusion fatigue in 
the adductor pollicis increased more in 
the patients with severe chronic heart 
failure. These differing findings in 
quadriceps and adductor pollicis suggest 
that skeletal muscle atrophy and 
reduced isometric force production are 
not a necessary consequence of chronic 
heart failure per se, because they were 
only present in the large locomotive 
muscle. The normal values for muscle 
fatigue observed in adductor pollicis in 
patients with chronic heart failure imply 
that skeletal muscle blood flow must 
increase normally during muscle activa- 
tion when only a small muscle mass is 
used. These results are not compatible 
with the concept of a generalised impair- 
ment of normal vasodilatation within 
active skeletal muscle. In contrast, 
activation of a large muscle, such as 
quadriceps, results in the rapid onset of 
fatigue in patients with severe chronic 
heart failure. This fatigue may be 
related to the inability of the cardiovas- 
cular system to provide the required 
blood flow for the activation of a large 
muscle mass. The finding of a relatively 
greater increase in fatigue of adductor 
pollicis during circulatory occlusion in 
patients with severe chronic heart 
failure supports the hypothesis of an 
intrinsic abnormality of skeletal muscle 
in these patients. 


Exertional fatigue is a major symptom of 
patients with chronic heart failure.! The 
mechanisms underlying this symptom are 
complex, but it has been established that 
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reduced skeletal muscle blood flow on exercise 
is an important factor.? The relative contribu- 
tions to the reduced skeletal muscle blood 
flow of a reduced cardiac output and impaired 
vasodilatation within the skeletal muscle vas- 
cular bed are still unresolved.*? There is also 
evidence from studies with magnetic reson- 
ance spectroscopy of an intrinsic intracellular 
abnormality of skeletal muscle biochemistry 
in chronic heart failure." A study of exercise 
involving a small muscle mass in patients with 
chronic heart failure showed abnormal muscle 
biochemistry despite normal skeletal muscle 
blood flow.’ : 

We report on the direct measurement of 
skeletal muscle function in both the 
quadriceps (a large locomotive muscle) and 
the adductor pollicis (a small intrinsic hand 
muscle). The purpose of this study was to 
answer three questions. First, does the direct 
measurement of skeletal muscle fatigue 
correlate with the severity of chronic heart 
failure? Second, is fatigue dependent on a 
size of the muscle mass activated? Third, ar 
factors other than skeletal muscle blood flow 
important in the genesis of fatigue in patients 
with chronic heart failure? 


Patients and methods 

The protocol was approved by the bospitál 
ethics committee and all subjects gave infor- 
med consent. 


Patients 

We studied 15 right handed men (table): fies 
healthy volunteers, five patients with mild or 
moderate chronic heart failure (Vo, max 15> 
25 ml/min/kg), and five patients with severe 
chronic heart failure (Vo, max «15 ml/mizi/ 
kg). We excluded patients with diabetes, 
thyroid dysfunction, neurological disease, 
arthritis, or orthopaedic abnormality. The 
cause of chronic heart failure was ischaemic 
heart disease. The five patients with mild 
heart failure were all in sinus rhythm. None 
was taking digoxin and three were taking an 
angiotensin converting enzyme inhibitor. The 
mean dose of frusemide was 56 mg/day. Of 
the five patients with severe heart failure one 
was in atrial fibrillation, two were taking 
digoxin, and all were taking an angiotensin 
converting enzyme inhibitor. The mean dose 
of frusemide was 112 mg/day. All patients 
were ambulant and considered to be receivint 
optimal oral medication at the time of the 
study. ; 
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Table Results tn adductor pollicts and quadriceps 
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Adductor pollicis Quadriceps 
Age Vo, max Maximum Control Ischaeme MVC Fatigue 

Group (years) (milmnlhg) force (N) fatigue (36)  fanpue (M) Raio (N)  (%) 
Healthy volunteers. 

1 30 — 37 54 32 59 480 100 

2 42 — 60 52 28 54 510 98 

3 36 — 26 43 26 60 495 98 

4 32 — 89 26 18 69 450 102 

5 60 — 89 24 15 63 400 78 
Mild heart failure 

6 65 15 40 50 26 52 356 80 

7 62 18 42 33 23 70 332 88 

8 63 23 63 31 16 52 416 72 

9 49 20 40 28 21 75 445 92 
10 66 16 56 27 13 48 380 86 
Severe heart failure 

56 ll 36 92 35 38 300 57 

12 4l 14 58 61 18 30 335 70 
13 57 10 67 51 21 4l 280 51 
14 42 9 44 44 10 23 360 60 
15 43 12 7i 33 11 33 340 59 


MVC = maximum voluntary contracnon. 


QUADRICEPS PROTOCOL 

Skeletal muscle function was measured in the 
late morning, before lunch. The subject was 
seated within a rigid framework with the 
lower limbs hanging freely (fig 1). The right 
ankle was attached by an inelastic strap to a 
force transducer; the strap was adjusted so 
that it was perpendicular to the ankle. The 
subject wore a seat belt around the waist to 
prevent forward movement during quadriceps 
contractions. Two large saline pad electrodes 
were placed on the anterior aspect of the right 
thigh for direct transcutaneous stimulation of 
quadriceps muscle fibres. These electrodes 
were held in position by a crepe bandage. 
After amplification tbe output from the force 
transducer was displayed on an oscilloscope to 
provide visual feedback to the subject and 
simultaneously recorded on a UV chart recor- 
der for subsequent analysis. The stimulating 
electrodes were connected to a Devices 
stimulator which was set to deliver a pulse 
duration of 1 ms at a frequency of 1 Hz. After 
an intial period during which the subject was 
familiarised with the visual feedback of force 
production, the output voltage of the 





Figure 1 Experimental procedures used to measure mechameal function of the 


quadriceps (A) and adductor pollicis (B) (see text for details). EMG, electromyogram. 
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stimulator was slowly increased to produce a 
muscle twitch of at least 20 N. The subject 
was theh instructed to pull as hard as possible 
on the ankle strap for about three seconds. 
The voluntary contraction was accepted as 
maximal only if the superimposed 1 Hz mus- 
cle twitch was abolished during the plateau of 
force production® (fig 2). After maximum 
activation the subject rested for one minute, 
and then performed two further maximal con- 
tractions. The mean of the three maximum 
voluntary contractions was obtained by direct 
measurement from the UV chart recorder. 
The subject then rested for five minutes with- 
out muscle stimulation. 

For the quadriceps fatigue protocol we set a 
visual target equal to 30% of the individual's 
measured maximum voluntary contraction. 
The subject then performed one second con- 
tractions followed by one second relaxations 
for 40 seconds. A metronome was used to 
facilitate coordination. This sequence was 
repeated each minute for 20 minutes. Max- 
imum voluntary contraction was measured 
again at the end of the fatigue protocol. 
Fatigue was measured as the maximal volun- 
tary force production at the end of the 
protocol expressed as a percentage of the 
initial maximal voluntary contraction. 

At the end of the fatigue protocol the five 
patients with severe chronic heart failure had 
the cross sectional area of the quadriceps 
measured on computed tomography scans 
taken at mid-femur level by the method of 
Jones et al? In addition, a needle biopsy from 
the quadriceps was obtained from five 
patients (three with severe chronic heart 
failure and two with mild chronic heart 
failure) by the suction technique described by 
Edwards et al.” Some of the muscle specimen 
was taken for histology and histochemical 
examination and the remainder was used to 
measure mitochondrial enzyme activities. 


ADDUCTOR POLLICIS PROTOCOL 
The subject sat at a bench and the left hand was 
immobilised in a padded Perspex cast. A 
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stirrup was placed over the thumb at tbe level 
of the interphalangeal joint, and connected by 
means of an inelastic link to a force transducer 


- (fig 1). Surface electromyogram electrodes 


were taped over the belly of the adductor 
pollicis and on the index finger. A stimulating 
button electrode was placed over the ulnar 
nerve at the wrist, and held in position by 
means of an elastic strap. The indifferent 
electrode for the stimulator was placed high on 
the forearm and held in position by sticky tape. 
Supramaximal ulnar nerve stimulation was 
ensured by slowly increasing the stimulus 
voltage until both the surface electromyogram 
and isometric force had reached a plateau. The 
stimulus voltage for all subsequent testing was 
set at 10-20% above this value. The stimulus 
pulse width was 50 us. Fatigue of the adductor 
pollicis was measured by recording the decline 
in isometric force during repetitive supramax- 
imal tetanic ulnar nerve stimulation. The 
stimulation protocol consisted of intermittent 
once per second tetanic stimulation at 40 Hz 
for 250 ms. During the fatigue protocol the 
subject was instructed to keep the left hand and 
forearm as relaxed as possible. 

Adductor pollicis fatigue was measured 
twice in each subject, with a 20 minute rest 
between measurements. The first was perfor- 
med with the circulation intact (control 
fatigue). The second was performed with the 
circulation occluded by a sphygmomanometer 
cuff inflated around the upper arm to a value 
above systolic blood pressure (ischaemic 
fatigue). Output from the force transducer and 
from the surface electromyogram was dis- 
played on an oscilloscope, and recorded on a 
UV chart recorder. The maximum tetanic force 
of the adductor pollicis was measured as the 
initial force production at the beginning of the 
first fatigue protocol. Fatigue was measured as 
the force production after two minutes of 
intermittent tetanic stimulation expressed as a 
percentage of tbe starting value. 


STATISTICAL ANALYSIS 

The three groups were compared by analysis of 
variance. If a significant variation was 
indicated by the F distribution, further analysis 
was undertaken with Duncan's test and by the 
non-parametric Mann-Whitney test. The 
correlation between quadriceps maximum 
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voluntary contraction and Vo, max was asses- 
sed by standard linear regression analysis. 


Results 

All experiments were performed without com- 
plication. The quadriceps fatigue protocol was 
well tolerated. During the adductor pollicis 
fatigue protocol most subjects found that the 
ulnar stimulation was uncomfortable but 
tolerable. 


QUADRICEPS: MUSCULAR CONTRACTION 

The table shows the results for quadriceps 
maximum voluntary contraction and fatigue. 
There was a gradient in the strength of max- 
imum voluntary contraction with the degree of 
heart failure in the three groups (normal v mild 
chronic heart failure (p < 0-04), normal v 
severe chronic heart failure (p < 0-01), and 
mild chronic heart failure v severe chronic 
heart failure (p « 0:09). Figure 3 shows the 
correlation between maximum voluntary con- 
traction and Vo, max for the 10 individual 
patients (r = 0-86, p < 0-01) 


QUADRICEPS: FATIGUE 

Fatigue in the quadriceps (table) also showed 
changes relating to the severity of heart failure 
between the three groups (normal v mild 
chronic heart failure (p < 0-09), normal v 
severe chronic heart failure (p « 0-01), and 
mild chronic heart failure v severe chronic 
heart failure (p « 0-01). Fatigue in quadriceps 
correlated with Vo, max for the 10 patients 
with heart failure (r— 0-74, p « 0-02). 


QUADRICEPS: TOMOGRAPHY AND HISTOLOGICAL 
APPEARANCE OF BIOPSY SPECIMENS 

The cross sectional area of the quadriceps in 
the five patients with severe chronic heart 
failure ranged from 44-7 cm? to 53-7 cm? (mean 
48-2 cm’). The mean maximum voluntary con- 
traction of quadriceps for the group was 323 N, 
so the mean force production per unit cross 
sectional area was 6:7 N/cm’. 

The histological and histochemical examina- 
tions showed no consistent abnormality. In two 
of the subjects with severe chronic heart failure 
type II fibre atrophy was prominent. 


Maximum isometric forces (N) 





5 10 18 20 2b 
Maximum rate of oxygen consumption (ml/min/kg) 


Figure 3. Relation between quadriceps maximum 
tsometric force and maximum rate of oxygen consumption 
(Vo, max) measured during symptom hrated treadmill 
exercise test. 
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: ADDUCTOR POLLICIS: MUSCULAR CONTRACTION 


In contrast with the findings for,quadriceps 
there was no significant difference between the 
maximum isometric force of adductor pollicis 
in the three groups (table). There was con- 
siderable variability Semai individuals. 


ADDUCTOR POLLICIS: FATIGUE 
: Measurement. of fatigue before aor 


. occlusion (control fatigue) did not show any 


significant difference between the three 
groups. Considerable individual variation in 
fatigue’ was apparent. The lowest value for 
fatigue was found in a patient with severe 
chronic heart failure. During circulatory 
occlusion (ischaemic fatigue) all subjects 
showed a considerable increase in fatigue. 
There were no statistically significant differen- 


' ces between any of the three groups. Neverthe- 
‘less, the relative increase in fatigue was sig- 


nificantly greater for those patients with severe 
chronic heart failure as judged by the ratio of 
ischaemic to control fatigue (table). The five 
patients with severe chronic heart failure 
showed a relatively greater increase in fatigue 
during circulatory occlusion. than the healthy 
volunteers (p « 0:01) and patients with mild 
chronic heart failure (p < 0-01). 


Discussion UC : 


Previous work from our laboratory showed 
significant reduction of muscle strength in the 


, quadriceps of patients with chronic heart 


failure, which suggested that the reduction. of 
strength may be an important determinant of 


` the reduced exercise tolerance." In the present 


study we confirmed these findings and showed 
a correlation between the maximum isometric 


' force of quadriceps and the severity of chronic 


heart failure assessed by the maximum oxygen 
'consumption on exercise. 
In, the group of five patients with severe 


.chronic heart failure the maximal isometric 
* force production per unit muscle CrOSS- SEC- 


tional area. was 6:7 N/cm? which is within the 
„normal range reported by Chapman et al. So 
our results suggest that the reduction of force 
‘production seen in the large locomotive mus- 
cles of patients with chronic heart failure is due 
to muscle atrophy and not to impaired force 
. generation by the myofibrils. The-cause of the 
` atrophy is unknown but may relate to disuse, 


.repetitive ischaemia linked ‘to reduced blood 


flow on exercise, or to neural and hormonal 
factors activated in heart failure. i 
Histological examination was undertaken in 
only five patients. The findings were identical 
with those we reported in a larger study.” A 
wide variety of abnormalities was detected"! 
,but there was no consistent pattern typical of 
heart failure. Nor were the findings typical for 
.either rest atrophy or ischaemic induced 
damage. Findings were similar in the small 


number of biopsy specimens in the present. 


study. All the patients in the present study had 
ischaemic heart disease as the cause of heart 
failure so that histological changes could not be 
attributed to an undetected myopathy which 
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might be present in patients with idiopathic 
cardiomyopathy. 
A further consideration is the age of the 


patients. The group of patients with mild heart , 


failure was significantly older than the healthy 
volunteers (mean difference 21 years 


(p < 0-03)) and the patients with severe heart: 


failure (mean difference 13 years (p « 0-04)). 
This difference could be of some importance in 
interpreting the results but is unlikely to be of 
major significance because there was no sig- 
nificant age difference between the healthy 
volunteers and patients with severe heart 
failure (mean difference 8 years). Furthermore, 


the findings in the patients with mild heart , 


failure were, in general, intermediate between 


those of the healthy volunteers and the patients ' 


with severe heart failure. 
In contrast with the findings in the quadri- 
ceps, maximum isometric force production of 


the adductor pollicis revealed no significant . 


difference between healthy volunteers, patients 
with mild chronic heart failure, and patients 


with severe chronic heart failure. A possible | 


explanation for this difference between the two | 


muscles is that the use of intrinsic hand muscles : 
(especially in the non-dominant hand) was ' 


normal in all three groups. That is to say, 
patients with chronic heart failure continue to 


‘use their hands for everyday activities. In 


contrast, the limited exercise capacity of 


patients with chronic heart failure results in . 


disuse atrophy of the large locomotive muscles 
that contributes to the observed force reduc- 
tion of the quadriceps. 

In physiological terms, muscle fatigue may 


: be defined as an inability to maintain a required | 


level of force production. Though this defini- ' 


tion allows for the objective measurement of 
muscle fatigue, such a measurement is not 
necessarily synonymous with the symptom of 
"fatigue" that is so commonly reported by 
patients with chronic heart failure. Neverthe- 
less, the early onset of muscle fatigue is proba- 
bly at least a marker of the processes that give 
rise to the perception of the symptoms of 
"fatigue". In the present study we showed that 


objective measurement of quadriceps fatigue ` 


correlates with the severity of chronic heart 
failure as reflected by 


conventional , 


measurements of maximal exercise capacity . 


(table). In the present studies the level of force 


production that we used for the quadriceps. 


fatigue -protocol was normalised to the 
invididual’s maximum voluntary contraction. 
This aspect of our method is important because 


^ it made the measurement of fatigue indepen- 


dent of the reduced force development 


attributable to atrophy. In everyday activities . 


and most functional tests—for example tread- 
mill or bicycle exercise—an absolute level of 
workload and, therefore, force production is 
required. In this situation both reduced force 
production and fatigue will contribute to the 
subject’s impaired exercise capacity. 

In contrast with the findings in the quadri- 


ceps, the measurement of fatigue in the adduc- - 


tor pollicis under control conditions showed no 
significant difference between healthy volun- 


teers and patients with mild or severe chronic. 
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heart failure. Small muscles might respond 
differently to the altered neurohormonal con- 
trol of blood flow in heart failure or be less 
susceptible to changes in the microvasculature. 
Perhaps the most probable explanation is 
related to blood flow. Activation of a large 
muscle mass results in a greatly reduced 
Skeletal muscle blood flow in patients with 
chronic heart failure. This reduced skeletal 
muscle blood flow is a major factor responsible 
for the observed increase in fatigue of the 
quadriceps in patients with chronic heart 
failure. In contrast, the adductor pollicis is a 
small intrinsic hand muscle and even during 
maximal activation the required increase in 
blood flow is a small proportion of the cardiac 
output even when chronic heart failure is 
severe. The last hypothesis does not accord 


with the idea that in severe chronic heart failure. 


there is a generalised intrinsic abnormality of 
the microcirculation with skeletal muscle, such 
that normal vasodilatation cannot occur.” 

The effect of circulatory occlusion on the 
development of fatigue in the adductor pollicis 
is more difficult to interpret. During the 
measurement of fatigue in the adductor pollicis 
under control conditions there were significant 
differences between the three groups. After 
circulatory occlusion all subjects showed a 
considerable increase in fatigue (as expected) 
but there was still no statistically significant 
difference among the three groups. The 
relative increase in fatigue after circulatory 
occlusion, however, was significantly greater in 
the patients with severe chronic heart failure. 
This relative increase in fatigue may be partly 
due to a degree of fatigue resistance under 
control conditions and partly a tendency 
towards increased fatigability after circulatory 
occlusion in the patients with severe chronic 
heart failure. An explanation for the relative 
increase in fatigue in the adductor pollicis after 
circulatory occlusion in patients with severe 
chronic heart failure is that there is an intrinsic 
alteration in skeletal muscle function which has 
previously been suggested in studies with mag- 
netic resonance spectroscopy. Within the 
skeletal muscle fibres of the adductor pollicis in 
patients with severe chronic heart failure there 
could be a relative shift from glycolytic to 
oxidative metabolic pathways for energy 
production combined with a reduction in 
myosin ATPase activity, such that the muscle 
fibres become relatively fatigue resistant. 

The present study shows that patients with 
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chronic heart failure show both atrophy and 
weakness of the large locomotive muscles. In 
addition, these muscles show increased fatigue, 
the magnitude of which correlates with the 
severity of chronic heart failure. The mechan- 
ism of the increased fatigue in the large 
locomotive muscles is possibly related to an 
absolute reduction in skeletal muscle blood 
flow. The results from the adductor pollicis 
suggest that muscle weakness is not an inevita- 
ble consequence of chronic heart failure, but 
instead supports the concept that disuse atro- 
phy is responsible for the observed weakness'of 
the quadriceps. The similar values for fatigue 
of the adductor pollicis in the three groups 
suggest that skeletal muscle blood flow can 
increase normally as long as the activated 
muscle mass is small. The observation of a 
relatively greater increase of fatigue of the 
adductor pollicis during circulatory occlusion 
in patients with severe chronic heart failure 
supports the hypothesis that there is an intrin- 
sic alteration in skeletal muscle metabolism in 
these patients. 
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Cardiac metabolism during exercise in healthy 
volunteers measured by ?'P magnetic resonance 


spectroscopy 


Michael A Conway, J David Bristow, Martin J Blackledge, Bheeshma Rajagopalan, 


George K Radda 


Abstract 

A technique was devised for individuals 
to exercise prone in a magnet during 
magnetic resonance spectroscopy of the 
heart and  phosphorus-31 magnetic 
resonance spectra of the heart were 
obtained by the phase modulated 
rotating frame imaging technique in six 
healthy volunteers during steady state 
dynamic quadriceps exercise. During 
prone exercise heart rate, blood pres- 
sure, and total body oxygen consumption 
were measured at increasing loads and 
the results were compared with those 
during Bruce protocol treadmill exer- 
cise. During prone exercise with a 5 kg 
load the heart rate was similar and the 
systolic and diastolic blood pressures 
were higher than those during stage 1 of 
the Bruce protocol. The rate-pressure 
products were similar but the total body 
oxygen consumption was lower during 
prone exercise. There was no difference 
in the ratio of phosphocreatine to 
adenosine triphosphate during rest and 
exercise. 

Thus during exercise that produced a 
local cardiac stress equal to or greater 
than that during stage 1 of the Bruce 
protocol treadmill exercise, the energy 
requirements of the normal human 
myocardium were adequately supplied 
by oxidative phosphorylation. 


The relation between energy provision and 
mechanical function of the myocardium in 
healthy and diseased states is fundamental to 
cardiology. Over the past decade, phos- 
phorus-3l.magnetic resonance spectroscopy 
has been shown to be a powerful tool for the 
study of tissue energetics in isolated perfused 
rodent hearts.’ The technique has also been 
applied in-surgically exposed animal hearts.?* 
The relations between the concentrations of 
high energy phosphate compounds such as 
phosphocreatine and adenosine triphosphate 
and intracellular pH and mechanical function 
during ischaemia and reperfusion as well as 
the effects of abnormal endocrine function 
such as hyperthyroidism have been extens- 
ively studied? * 

More recently, the development of large 
bore magnets has enabled phosphorus spectra 
of the human heart to be obtained non- 
invasively.in healthy volunteers at rest.^? The 


addition of proton decoupling improved the 
resolution of the phosphorus spectra." Some 
success has been achieved in obtaining spectra 
of hearts of patients with hypertrophic car- 
diomyopathies and myocardial infarction at 
rest. No striking abnormalities were seen 
in the concentrations of high energy phos- 
phates in the hearts of patients with car- 
diomyopathies." This accords with the 
observation that other methods of cardiac 
assessment do not show abnormalities of func- 
tion when the patient is studied at rest. Many 
indices of cardiac function are abnormal when 
the patient is stressed. To obtain phosphorus- 
31 magnetic resonance spectra of the human 
heart during exercise, an exercise stress test 
for use in whole body magnets is required. 
Exercising in the confined space of a magnet 
is difficult. The subject is required to lie face 
down (to reduce the distance between the coil 
and the myocardium) with the heart in the 
middle of the homogeneous magnetic field of 
a 60 cm bore tube. Movement of the thorax 
must be minimal to ensure accurate localisa- 
tion. Because it takes 15-30 minutes to obtain 
a phosphorus-13 spectroscopic image of the 
heart, the patient must be able to maintain a 
steady level of exercise for this period. 

To overcome these difficulties we 
developed a new exercise machine and 
protocol of prone exercise (pronex) in which 
the subjects lie face down in the bore of the 
magnet with the chest immobilised over the 
spectroscopy probe and exercise by extending 
their foreleg. We measured heart rate, blood 
pressure, rate-pressure products, and total 
body oxygen consumption at different work- 
loads and compared these results with the 
measurements in the same individuals during 
the standard Bruce protocol treadmill test. We 
then obtained phosphorus-31 spectra from the 
hearts of five individuals at rest and during 
one level of prone exercise. An outline of the 
results was reported in a letter to the Lancet.” 
We compared the results of physiological 
Measurements during stage 2 of prone exer- 
cise and stage 1 of the Bruce protocol in six 
healthy volunteers and measured the ratio of 
phosphocreatine to adenosine triphosphate by 
magnetic resonance in five.” 

In the present paper we report the 
physiological response at different levels of 
exercise and the spatially resolved spectra in 
the same six healthy volunteers. We also 
studied seven more individuals to determine 
the reproducibility and steady state response 
during prone exercise. 
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forelimb in most individuals. This was 
increased by 125kg during the fourth, 
eighth, twelfth, and sixteenth minutes of exer- 
cise such that during collection of the second 
and third samples of expired air the workloads 
were 5 kg and 7-5 kg respectively. The sam- 
ples of expirate were kept sealed in the 
Douglas bags until the end of the experiment. 
A 30 ml sample of the expired air, was then 
drawn into a glass syringe and the volume of 
air in the bags was measured withr a dry gas 
meter (Parkinson Cowan). These samples 
were then analysed for oxygen, nitrogen, and 
carbon dioxide by a mass spectrometer (Cen- 
tronics). Oxygen consumption was ‘calculated 
from the Haldane equation with adjustments 
for the prevailing barometric pressure, tem- 
perature, and nitrogen and oxygen concentra- 
tions in room air. 

The same six individuals also performed 
treadmill exercise according to the Bruce 


Double surface coll probe 











Figurel Arrangement for prone exercise in the bore of a horizontal magnet. The heart 
lies in the middle of the homogeneous field. Each foot 1s suspended in a strap connected to 
a5 kg weight via a cable. 


Subjects and methods 

The studies were performed in two stages. 
Preliminary assessments were made in the 
exercise laboratory on a specially constructed 
rig, with a similar design to the machine that 
was attached to the magnet (fig 1). The rig 
consisted of an A frame (180 cm by 100 cm by 
80 cm) to which pulleys were attached and a 
modified examination couch. Cylinders were 
used for weights and the load was increased 
by adding water from reservoirs attached to 
the apex of the A frame. The subject lay prone 
on the couch with each foot in a separate strap 
suspended on a cable. This position corres- 
ponded to that in the bore of the magnet and 
provided ideal stability of the thorax. 


EXPERIMENTAL PROTOCOL 
Individuals were examined and weighed. 
Then they lay on a mat and the approximate 
weight of each foreleg was measured by small 
scales. The subject then climbed on to the 
couch and was connected to the machine. 
They gripped a Lloyd respiratory valve in 
their mouth; a nose clip was applied; and a 
three minute sample of resting expired air was 
collected in a Douglas bag. The subject rested 
for five minutes and the heart rate and blood 
pressure were measured from a monitor (Car- 
diac Recorders) and manual sphygmomano- 
meter. To record blood pressure the left arm 
was abducted and supported on a frame at an 
angle of approximately 45° from the horizon- 
tal. After collection of the resting expirate 
exercise started. Individuals moved their 
forelegs in time to a metronome set at 100 per 
minute such that each leg moved fifty times 
per minute. The weights were raised 
approximately 25 cm with each leg extension. 
The subjects were asked to hold the weights 
. suspended just above the floor at the end of 
each relaxation. Expired air was collected 
during the third, eleventh, and nineteenth 


minutes of-exercise. Subjects lifted 2-5 kg 
during the first three: minutes, which was: 
equivalent to the estimated weight of the right- 


protocol on a separate day. Blood pressure 
and heart rate were recorded every minute 
and the total body oxygen consumption was 
measured by the above procedure from 
samples of expired air -collected during 
the third minute of each of stages 1 to 4. The 
steady state response and reproducibility 
of the changes during prone exercise were 
assessed in four and five of the seven extra 
subjects respectively. 


MAGNETIC RESONANCE SPECTROSCOPY 

Magnetic resonance spectroscopy was per- 
formed with a 1-9 T, 60 cm bore supercon- 
ducting magnet (Oxford Instruments) inter- 
faced with a Fourier transform spectrometer 
(Bruker) operating at frequencies of 32.701 
and 80-783 MHz for "'P and 'H respectively. 
The phase modulated rotating frame imaging 
technique that we used for spectroscopy has 
been described elsewhere. Recordings were 
made from the subject lying prone with the 
heart positioned over a double concentric sur- 
face coil (transmitter diameter 15 cm and 
receiver diameter 6-5 cm). We used the proton 
signal to optimise the magnetic field 
homogeneity (*"shimming"). Phosphorus-31 
spectroscopic images were collected from the 
anterior aspects of the right and left ventricles 
and adjacent septum by acquiring two 
datasets, each consisting of 16 incremental 
pulse widths of 16 scans at a repetition rate of 
3 seconds (total time per image = 28 
minutes). We used pulse sequence: 

náð + x — Ay — Aq — Delay 

where n is the number of the increment, 40 
the length of the pulse, 2 the phase encoding 
pulse (optimally z/2 at sample centre), and 
Aq, the acquisition time (0-512 s). In our 
experiments (using 140 W radiofrequency 
transmitter power) both 40 and A were set at 
350 us. The distance was calibrated from 
phantom experiments and by this protocol the 
spatial resolution at half height of the tech- 
nique was estimated to be 5-6 mm. Spectra 
from the heart were identified from the. 
plateau in the ratio of phosphocreatine to 


‘adenosine triphosphate as described else- 


v. 


Cardiac magnetic resonance spectroscopy during exercise 


: 
Table 1 Data on main subject population at rest and upright 





rate SBP/DBP 











^ 4 Heart Vo, 
No Age (yr) We (ke) (beats/min } (mm Hg) (milkg|min) 
i 26 73 84 112/68 3-7 
2 25 * 65 53 110/74 41 
3 24 - 66 58 122/76 42 
4 25 - 64 45 110/70 40 
5 24 - 71 52 120/74 40 
6 28 . 73 74 108/74 3-0 
Mean Jes among other subjects also used for steady state and oducibility 
studies (meah ( SD)) ii 

7 ` Heart rate 

n Age We (kg) (beats/min) SBP DBP Vo, 
7 40 (8) 74 (5) 72 (6) 123 (4) 75 (9) 3 6 (0:3) 





SBP, systohc blood pressure; DBP, diastolic blood pressure; Vo, total body oxygen 
consumption. 


+ 


where.“ The peaks in the spectra were 
measured by triangulation of the areas under 
the phosphocreatine and y adenosine triphos- 
phate peaks. We expressed the results as ratios 
because the measurement of absolute concen- 
trations of metabolites by surface coils is not 
yet possible.” In any case, the ratio of phos- 
: phocreatine to adenosine triphosphate 
j adequately expresses the energy state of heart 
muscle.! The measurement of myocardial pH 
in vivo requires the identification of the signal 
from intracellular inorganic phosphate. 
Unfortunately, in vivo the peaks of 2-3 
diphosphoglycerate from red blood cells and 
extracellular inorganic phosphate overlap with 
the intracellular inorganic phosphate, so that 
with current techniques pH cannot be 
measured." ? Because a value for pH is neces- 
sary for the calculation of free adenosine 


diphosphate from the  creatine kinase 
equilibrium, we could not calculate free 
adenosine diphosphate values. 


: Subjects exercised in the magnet using the 
arrangement shown in fig 1. The subject lay 
prone on the probe with the forelegs pro- 
truding from the bore of the magnet. Each 

. foot was attached to a strap and a stainless 
steel cable. The latter was connected via 
pulleys (suspended on aluminium uprights 

E bolted to the magnet) to brass weights that 

7, were attached to the wall of the magnet room. 
The end of the magnet was enclosed in a 
Faraday cage to avoid the introduction of 


t 
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Table 2 Physiological changes (mean (SD) ) during incremental prone exercise and 
treadmill exercise in six individuals 


E Heart rate SBP DBP Pol 
z (beats/min) (mm Hg) (mm Hg) (rel| kg [min) 
Pronex 

Rest 58 (10) 124 (8) 84 (8 3-6 (0-4) 
Sugel  . 73 (20 129 (8) 92 6 0 (0-2) 
Stage 2 86 i) 146 (16) 100 : 9-2 (2 0) 
Stage3  . 119 (30 172 (22) 116 (11) 13 3 (2-1) 

E Treadmell 
Rest 58 (15) 114 (6) 73 (3 3-8 G3} 
Stagel =. 91(15 134 (17) 73 14-5 (2-9) 
Stage 2 103 m 147 D 70 9 18-9 (2-8) 
Stage3  : 137 (15) 158 (26 68 (6) 26-7 (41) 
Stage 4 168 (20) 162 (30 67 (13) 351(54) 





See footnote to table 1 for abbreviations. 
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noise into the spectrometer by external sour- 
ces of radiofrequency. 

Once the resting spectra had been collected 
the subject exercised for two minutes while 
the shimming was rechecked. (The subjects 
were not removed from the magnet between. 
the rest and exercise recordings.) Spectra were 
then collected throughout the remaining 28 
minutes of exercise. The workload was 5 kg 
and the rate of pulling was 50 per minute per 
leg. Heart rate and cardiac rhythm were. 
monitored electrocardiographically by elec- 
trodes attached to the abdominal wall. 


SUBJECTS 

The main study was performed on six men 
who were drawn from the 13 subjects who 
participated in the physiological characterisa- 


‘tion and assessment of the reproducibility of 


prone exercise. All were healthy and had no 
symptoms or signs of cardiac disease. Table 1 : 
shows the cardiorespiratory variables in 
upright resting subjects. All subjects con- 
sented to the study which was approved by 
the local ethics committee. Statistical analysis 
was performed by analysis of variance and 
Student's t test. 


Results 

The results of the measurements performed in 
the five main parts of the study are shown 
below—that is, the physiological changes 
during incremental prone exercise, during 
Bruce protocol treadmill exercise, during 
steady state prone exercise, and during the 
reproducibility studies. The spectra from the 
myocardium at rest were then compared with 
those during prone exercise in five men. 


PHYSIOLOGICAL CHANGES DURING PRONE AND 
TREADMILL EXERCISE 

Table 2 shows heart rate, blood pressure, and 
total body oxygen consumption in six men 
lying prone at rest and during two exercise 
protocols. Systolic and diastolic blood pres- 
sures (mm Hg) were higher in the prone posi- 
tion at rest than in the upright position (114 (6)/ 
73 (3) v 124 (8)/84 (8); p < 0-02). The resting 
heart rate was similar in both the upright and 
prone positions. The mean value for the heart 
rate at stage 3 of the prone exercise was 
intermediate between stage 2 and stage 3 of the 
Bruce protocol. The mean systolic blood pres- 
sures at each stage were only slightly higher 
during treadmill exercise. There was a con- 
siderable difference in the response of the 
diastolic blood pressure. This fell during tread- 
mill exercise whereas the higher resting dias- 


Table 3 Rate-pressure product (mean (SD) ) during 
pronex and treadmill exercise in six healthy individuals 





Pronex Treadmill 
Rest 7267 (1389 6916 en 
Stage 1 9461 e 12290 (3028)* 
Stage 2 12670 (3580)* 15810 (4088) 
Stage 3 20569 (6992) 22287 (5273 
Stage 4 22459 ee 
*NS. 





Exercise 


agamas nanan anna rr 
18 12 8 0 —6 —12—18 
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Table Steady state prone exercise (mean (SD)) 
thy individuals 


results in four of seven 





Variable Rest 3mm 11mm 19 mm 

HR 76 (12) 90 (13)* 91 (15)* 91 (13)* 
SBP 126 (6) 145 (3)* 140 (5)* 144 (4)* 
DBP 81 (6) 92 (3)* 93 (4)* 92 (3)* 
Vo, 3-4 (0 3) 78(09* 88(18)* 8-4(1-2)* 





*None of the variables changed significantly during the pronex 
test. 
HR, heart rate. See footnote to table 1 for other abbreviations 


tolic blood pressure rose as the workload was 
increased during prone exercise. The dif- 
ference in the diastolic blood pressure between 
both types of exercise was highly significant 
(p « 0-0001). 

The oxygen consumption was equivalent at 
rest before both types of exercise and was 
similar to the normal values reported by other 
investigators." During treadmill exercise the 
oxygen consumption was slightly lower at each 
stage than that reported elsewhere. The oxygen 
consumption at stage 3 of the prone exercise 
was similar to that at stage 1 of the Bruce 
protocol. 

Table 3 shows the rate-pressure products of 
the two types of exercise. They show that high 
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Fuure 2. (A) Double projection stack plots of phase modulated images > the chest wall 
and heart at rest and during exercise obtained by the rotating frame technique. The heart 
15 clearly seen in the deeper regions of the image. (B) The corresponding contour plots of 
the rest and exercise study which allow identification of the heart in the deeper regions. 
(C) The spectra were selected from corresponding rows in each image. Pi, inorganic 
phosphate; DPG, diphosphoglycerate; PCr, phosphocreatine; ATP, adenosine 
triphosphate; PDE, phosphodiester. 
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Table5 Reproducibilty of the prone exercise protocol 
(mean (SD) } in five of seven healthy indrviduals 





Variable Rest 1 Rest 2 Exercise 1 Exercise 2 
HR 65 (12) 63 (13) 86 (21) d 
SBP 120 (9) 121 (7) 132 (14) 133 (14 
DBP 83 (8) 84 (8) 89 (8) 93 (5) 
Vo, 338(016) 343(022) 795(166) 74(12) 


See footnote to table 1 for abbreviations. 


rate-pressure products can be achieved during 
prone exercise. Indeed during the final stage of 
the prone exercise protocol the rate-pressure 
product was over 20 000 and was close to those 
during stages 3 and 4 of the Bruce protocol. 


PHYSIOLOGICAL CHANGES DURING STEADY STATE 
PRONE EXERCISE 

The changes in the oxygen consumption and 
haemodynamic variables in four subjects exer- 
cising at constant workload (5 kg) for 20 
minutes were studied to determine the 
variability of the response to prone exercise 
(table 4). Whole body metabolism was in a 
reasonably steady state throughout the exercise 
(3 min v 11 min v 19 min) indicating that the 
magnetic resonance spectra were obtained dur- 
ing steady state cardiac metabolism. 


REPRODUCIBILITY OF PHYSIOLOGICAL 
MEASUREMENTS 

Reproducibility of the measurements was 
examined by measuring the haemodynamic 
variables at rest and during exercise on two 
separate days within a six week period (table 5). 


MAGNETIC RESONANCE SPECTROSCOPY 

Spectra from the myocardium were success- 
fully recorded in five of the six subjects. The 
signal to noise in the spectra from the sixth 
subject was not adequate for analysis because of 
the large distance between the myocardium and 
the probe. Figure 2 shows typical spectra at rest 
from one of the subjects. (These are compar- 
able to the spectra acquired from this subject 3 
years ago.)'^ The ratio of the phosphocreatine 
to adenosine triphosphate at rest was similar to 
that in the spectra recorded in the subject 
during 28 minutes of steady state exercise. The 
mean ratio of phosphocreatine to adenosine 
triphosphate in the five subjects at rest (1:5 
(0-2); mean (SD)) was not significantly dif- 
ferent from that during exercise (1:58 (0-14)). 
The workload (5 kg) used during stage 2 of the 
incremental prone exercise was used for the 
exercise during spectroscopy. This level of 
work was chosen because it could be sustained 
during the period required for data acquisition. 
It caused an approximate threefold increase in 
total body oxygen consumption and a rate- 
pressure product that was similar to that at 
stage 1 of the Bruce protocol. 


Discussion 

This study was designed to evaluate a new 
technique of exercise for study of the human 
heart and to describe the pattern of pbos- 
phorus-31 magnetic resonance spectra during 
light exercise in healthy volunteers. 


Cardiac magnetic resonance spectroscopy during exercise 


. The constraints of the spectroscopy tech- 
nique require the development of methods of 
exercise suitable for studies of individuals lying 
prone and in a fixed position that are applicable 
in patients with myocardial disease. Several 
methods of exercise and other stress techniques 
could have been attempted. A modification of 
the arm crank exercise” is possible but is less 
suitable because of the smaller muscle bulk and 
movement of the upper thorax. Supine bicycle 
ergometry is also unsatisfactory because in this 
position the myocardium is furthest away from 


_ the surface coil. The need for a long recording 


time precludes magnetic resonance spectro- 
scopy after exercise outside the magnet, and 
sustained isometric exercise over long periods 
is exhausting.” Though pacing? and phar- 
macological stimulation®™ could be used to 
solve the technical problems associated with 
movement they are at best a close approxima- 
tion to the physiological response to exercise. 
Prone dynamic exercise of the quadriceps 
muscles solves most of the problems associated 
with exercise in horizontal magnets and the 
haemodynamic changes elicited meant that this 
was a good method of applying a local cardiac 
stress with low level muscular exercise. This 
type of exercise does not seem to have been 
studied before. Treadmill and upright bicycle 
ergometry have been evaluated extensively!??5 
and several investigators have examined the 
physiological changes during supine bicycle 
ergometry.” In contrast with the findings in 
these types of exercise there was an unusually 
large rise in the diastolic blood pressure in all 


the subjects during prone exercise. The rate- ' 


pressure product is similar to that during the 
treadmill test. In contrast, total body oxygen 
consumption is lower in prone exercise. 
Because for each individual the rate-pressure 
product is almost linearly related to myocardial 


' oxygen consumption,” these results suggest 
that the same myocardial stress can be achieved, 


at a lower total body oxygen consumption 
during our prone exercise protocol. ^ 

. A diastolic blood pressure of > 120 mm Hg 
was recorded in several subjects during the 
final stage of prone incremental exercise. This 
pressure is similar to those reported in some 
subjects during isometric exercise.” The 
isometric exercise is probably performed by the 
hamstrings because the subject is required to 
hold the weight suspended in the weight carrier 
between each elevation. The back muscles also 
perform isometric exercise in stabilising the 
pelvis. A further factor that may be relevant to 
the increase in cardiac work is the change in 
blood volume distribution. Cardiac volume is 
greater during horizontal supine exercise” and 
though lying on the chest may affect intra- 
thoracic pressures, some increase in cardiac 
volume is likely. The workloads that we used in 
the present protocol were derived from the 
weight of the forelegs. This was initially deter- 
mined for each leg by filling the cylinder until 
its weight exactly balanced that of the prone 
foreleg and caused the leg to flex. The weight 
was similarly estimated by resting the prone 
foreleg (at the instep) on small scales. Most 
subjects registered 2-5 kg for the right leg and 
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so this was used as the initial workload. All the 
subjects were. able to perform exercise at the 
5 kg workload for the required length of time: 
without interruption. 

Magnetic resonance spectroscopy was per- 
formed without cardiac or respiratory gating. 
Thus the measurements are the mean of systole 
and diastole. Comparison of systolic and 
diastolic measurements of phosphorus. 
metabolites in beating animal hearts? did not 
show any differences between the phases of the 
cardiac cycle; and spectra collected from 
human hearts by the phase modulated rotating 
frame imaging technique in parallel studies 
were not altered by gating. The sensitive 
volume of the probe used in these studies is a 
cylinder coaxial with the probe whose diameter 
is the same as that of the receiver coil (6:5 cm) 
and increases by about 25% at a depth of 5—: 
6 cm. With this configuration and the position 
of the probe as determined by echocar- 
diograms, only the heart is seen by the probe. 
Moreover, if the diaphragm had been included 
in the sampled volume, because skeletal muscle 
has a high ratio of phosphocreatine to aden- 
osine triphosphate, the images would have 
shown higher ratios than were detected. 

Measurements of the ratio of phospho- 
creatine to adenosine triphosphate are used as a 
measure of energy metabolism. Absolute 
values for these metabolites cannot be derived 
accurately with current technology. This is, 
because the sensitivity of the surface coils has a 
complex shape and varies in space depending 
on various factors such as electrical loading by 
the tissues.” These factors have not yet been 
elucidated in sufficient detail for absolute con- 
centrations to be estimated. The presence of a 
large peak for the 2,3 diphosphoglycerate in 
blood at the frequency of the inorganic phos- 
phate interferes with the measurement of pH. 

The ratio of phosphocreatine to adenosine 
triphosphate was no different during rest and ' 
exercise. The absence of change in this ratio ' 
during exercise suggests that the energy 
requirements of the heart are adequately sup- 
plied by oxidative phosphorylation during light 
exercise. This indicates that during ordinary 
increases in exertion such as walking or light 
running myocardial metabolism is solely 
oxidative and phosphocreatine is not broken 
down. In the skeletal muscle of healthy 
individuals there was little change in phos- 
phocreatine and pH fell during light exercise.” 

The metabolism of the diseased myocardium 
during exercise has not been studied yet. It is 
likely that there are considerable changes in 
phosphocreatine resembling the abnormalities 
in the skeletal muscle of patients with heart 
failure." Prone exercise should be an efficient 
method of studying the ischaemic myocardium 
because a large local haemodynamic stress can 
be produced by relatively low muscular effort. _ 
The applicability of the exercise technique in 
middle aged patients has already been 
examined. The level of exercise can be tailored 
to each individual and significant changes in 
haemodynamic variables would be expected 
with workloads as low as 2-0-2-5 kg. Exercise 
magnetic resonance spectroscopy studies will 
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require adequate cardiac monitoring with the 
electrocardiograph to detect arrhythmias and 
ST/T wave changes. This is difficult at present 
because of the large electrical artefacts caused 
by blood flow and movement of leads in the 
high magnetic fields needed for spectroscopy. 

In conclusion, phosphorus-31 magnetic 
resonance spectra were recorded from the 
normal myocardium during exercise during a 
new exercise protocol. There were no differ- 
ences in high energy phosphorus metabolism 
during light steady state exercise, which 
suggests that the normal myocardium is 
adequately supplied by oxidative metabolism 
during exercise. 
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An echocardiographic assessment of atrial 


mechanical behaviour 


Christopher J H Jones, Guo Jie Song, Derek G Gibson 


Abstract 

Relations between movement of the 
atrioventricular ring and changes in 
left atrial and ventricular dimensions 
were studied by echocardiography and 
compared with apexcardiography and 
Doppler mitral flow velocity traces in 20 
healthy controls and in patients with left 
ventricular hypertrophy (n = 28) or 
dilatation (n — 16). During left ventri- 
cular systole the atrioventricular ring, a 
structure common to ventricle and 
atrium, moved towards the ventricular 


'apex, thus increasing left atrial volume. 


This action matched pulmonary venous 
return because it was in phase with the 
transverse left atrial dimension 
measured from aortic root to posterior 
left atrial wall. During early diastole, the 
mitral ring moved rapidly towards the 
atrium as transmitral flow accelerated. 
This requires a force directed from 
ventricle to atrium, likely to be the result 
of elastic recoil arising from compres- 
sion of the ventricular myocardium or 
stretching of the atrial myocardium 
during ventricular systole. Two 
additional mechanisms of ventricular 
filling with atrial systole were recogn- 
ised: (a) an increase in ventricular 
volume as the atrioventricular ring 
moved upwards and (6) transverse left 
ventricular expansion by pressure 
driven transmitral flow. The former is 
undetectable by Doppler from the apex; 
it accounted for 10% of ventricular fill- 
ing in the healthy controls, but for sig- 
nificantly less in those with ventricular 
dilatation. In left ventricular hyper- 
trophy, left ventricular filling was main- 
tained by both mechanisms compen- 
sating for the reduced increase in 
volume early in diastole. 

Interactions between the atrium and 
ventricle are functionally important 
during ventricular systole, early dia- 
stole, and in atrial systole. They are not 
included in the traditional separation of 
atrial function into reservoir, conduit, 
and pump functions. 


In many patients with ventricular disease 
standard clinical investigations showed 
increased atrial contractile activity."? This 
almost certainly represents a mechanism by 
which ventricular function is optimised,‘ and 
presumablv it develops because of informa- 
tion transf "red from a diseased ventricle to 


the corresponding atrium. The mechanism of 
such an interaction remains unknown. 
Standard descriptions of atrial function do not 
invoke any influence of either systolic or dia- 
stolic ventricular function," neither do they 
explain why increased atrial activity in 
apparently similar patients may give rise to 
different changes in atrial pressures or flow 
rates. We have attempted to understand these 
processes by the study of atrial and ventricu- 
lar wall motion during diastole and its relation 
to atrial pressure and flow rate, which we 
assessed by simple non-invasive techniques in 
healthy controls and patients with ventricular 
disease. 


Patients and methods 

PATIENTS 

M mode echocardiograms, Doppler echo- 
cardiographic mitral velocity traces, and 
apexcardiograms were obtained in 28 patients 
with left ventricular hypertrophy and 16 with 
dilated cardiomyopathy and sinus rhythm. We 
also studied 20 healthy controls (aged 53 (12) 
years) with normal amplitude and timing of 
ventricular wall motion on minor axis 
echocardiography. 

Patients with left ventricular hypertrophy 
had end diastolic septal or posterior wall 
thickness > 12 mm (upper limit of normal) on 
M mode echocardiography.* Three of these 
patients had hypertrophic cardiomyopathy; of 
the remainder with secondary hypertrophy, 
seven had aortic stenosis, 15 arterial hyper- 
tension, two had undergone aortic valve 
replacement, and one repair of coarctation. 

All patients with dilated cardiomyopathy 
had increased left ventricular end diastolic 
(>55cm) and end systolic dimensions 
(24cm) and fractional shortening below 
23%, the lower limit of the 95% confidence 
interval in our healthy controls. In nine 
patients the diagnosis was coronary artery 
disease; the remainder had idiopathic 
cardiomyopathy. Seven had mild functional 
mitral regurgitation detected by Doppler 
echocardiography. 


METHODS 

We obtained M mode and cross sectional 
echocardiograms with the patient lying in the 
left lateral position. We used an Advanced 
Technical Laboratory 860C imager equipped 
with a 3-5 MHz mechanical transducer. M 
mode echocardiograms, Doppler mitral 
velocity traces, and apexcardiograms were 
recorded separately on a Honeywell (Ecoline 


- 22) strip chart recorder at a paper speed of 
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Figure 1 Drawing of 

apical four chamber cross 
sectional view showing the 
M mode cursor positioned 


posterior mitral ring. 
Movements of the 

ain ring 
reflect changes tn long axis 
dimensions of atria and 
ventricles. 


Figure 2 Two 
components of diastolic left 
ventricular filling 
superimposed from 
matched beats in the same 
patient. (A) Doppler 
mitral flow velocity trace 
and ( B) motion of mitral 
ring totoards the left 
atrium representing 


effective mitral valve area 
15 deemed to be the same 
for each mechanism. 





Tricuspid 


100 mm/s with simultaneous electrocardio- 
gram and phonocardiogram. 

Standard M mode echocardiograms of the 
left ventricular minor axis were recorded at the 
level of the mitral leaflet. Because movements 
of the base of the heart reflect changes in atrial 
and ventricular volumes we also obtained M 
mode echocardiograms of the atrioventricular 
ring after longitudinal placement of a cursor 
through the anterior tricuspid and posterior 
mitral valve rings, visualised on the apical four 
chamber view (fig 1). We compared mitral ring 
movement with changes in the anteroposterior 
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left atrial dimension assessed from cross sec- 
tionally guided M mode echocardiograms at 
aortic valve level. A good quality Doppler 
signal representing mitral diastolic velocity was 
obtained from the cardiac apex by a Doptek 
system with 2 MHz transducer and was 
recorded with frequency shift calibration. The 
apexcardiogram was separately recorded. 

All recordings were matched for heart rate. 
The echocardiograms were digitised and the 
following measurements were taken: 
Atrioventricular ring and posterior aortic root 
(a) Extent and direction of movement during 
ventricular systole (cm). 

(6) Extent, direction, and peak velocity of 
movement in early diastole (cm, cm/s). 

(c) Extent and direction of movement during 
atrial systole (cm); the extent is also expressed 
as a proportion of the total excursion (%). 

(d) Transverse left atrial dimensions at end 
diastole (Q wave) and end systole (mitral valve 
opening) (cm). 


Transmitral flow velocity 

(a) Peak velocity during early diastole (m/s). 
(b) Peak velocity during atrial systole (m/s). 

(c) Time integrzls, defined as the areas beneath 
the velocity curves, during early diastole and 
atrial systole (cm). 


Apexcardiogram 
(a) ‘a’? wave amplitude, expressed as a propor- 
tion of the total amplitude (96). 


Left ventricular minor axis echocardiogram 

(a) Isovolumic relaxation time defined as the 
interval from aortic valve closure to mitral 
valve opening. 

(b) Peak rate of dimension change in diastole 
(cm/s) as a proportion of the total increase (96). 
(c) Dimension change during atrial systole 
expressed as a proportion of the total increase 
(%). 

(d) Septal and posterior wall thickness (cm). 
(e) Peak rate of posterior thinning (cm/s). 

(f) Fractional skortening. 

During diastole the greater part of the blood 
volume expanding the left ventricle may be 
calculated as the product of the time integral of 
the mitral velocity trace, dimensionally 
equivalent to a distance, and the effective mitral 
valve area. A smaller volume of blood enters the 
ventricle because the mitral ring is carried back 
over it as the long axis expands (fig 2). This 
volume is the product of the mitral ring dis- 
placement during filling and the mitral valve 
area because the effective valve area is the same 
for both components of the volume increase. 
The componen: due to mitral ring movement 
does not involve movement of blood and so is 
unlikely to be detected by Doppler echocardi- 
ography. The ratio of mitral ring displacement 
to the time integral of mitral velocity alone 
represents the ratio of long axis ventricular 
filling to the remainder, and was calculated in 
all patients during early and late diastole. 

All results were expressed as the mean 
(1 SD). The significance of the differences 
between means in the different groups was 
tested by unpaired t tests. 
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Table! Atrioventricular ring movement (mean (1 SD)) 


Controls 
Ventricular systole. 
Onset mitral (ms) 80 (40) 
Onset tricuspid (ms) 50 (20) 
Excursion mitral (cm) 14(0 3) 
Excursion tricuspid (cm) 26(0 5) 
Early diastole 
Velocity mitral (cm/s) 70(30) 
Velocity tricuspid (cm/s) 80(3 2 
Excursion mitral (cm) 07(02 
Excursion tricuspid (cm) 11(04) 
Atrial systole 
Excursion mitral (cm) (%) 0 6 (0 2) (40 (16)) 
Excursion tncuspid (cm) (%) 10(04)(43 (14) 


*p < 005and fp < 001 compared with controls. 


Results 

CONTROLS 

Movement of the atrioventricular ring (table 
l).— The atrioventricular ring moved down 
towards the ventricles throughout ventricular 
systole and up towards the atria during early 
diastole and atrial systole, with a pause during 
mid-diastole. The tricuspid ring moved further 
than the mitral ring during both ventricular 
and atrial systole (ventricular systole 2:6 (0-5) v 
1 4 (0:3) cm, p < 0-01; atrial systole 1 (0:4) v 
0:6 (0-2) cm, p « 0-01). But as a proportion of 
the total movement, atrial systole caused 
similar upward displacement of the right and 
left sides. Mitral ring excursion was responsi- 
ble for 8 (2:1)% of the total increase in left 
ventricular volume during early diastole and 10 
(3-9)% of the total during atrial systole. 
Anteroposterior left atrial dimension (table 2).— 
The anteroposterior dimension increased 
during ventricular systole reaching a peak with 
mitral valve opening, and fell during diastole. 
These changes were less than those of the 
mitral ring during ventricular systole (1 (0:2) v 
1-4 (0-3) cm, p < 0 01) and early diastole (0:5 
(0 1) v 0-7 (0-2) cm, p < 0-05). During atrial 
systole anteroposterior change and mitral ring 
excursion were similar (both 0-6 (0-2) cm). 
Movements were effectively synchronous 
throughout the cardiac cycle, with that of the 
mitral ring preceding the anteroposterior axis 
by 5 (10) ms at its onset, 25 (50) ms at its peak, 
and 10 (50) ms at the onset of atrial systole (all 
NS). 


Table2  Anteroposterior left atrial dimension (mean (1 SD)) 


Left ventricular t ventricular 
Controls hypertrophy tation 

Ventricular systole 

Onset (ms) 80 (25) 100 (40) 140 (65)t 

Excursion (cm) 10(02) 0-8 (0-2)* 0-4 (0 2)t 
Early diastole: 

Velocity (cm/s) 4(1) 35(1-7) 24 2 

Excursion (cm) 05(01) 03(0 Df 03(02) 
Atrial systole 

Excursion (cm) (%) 06 (0 2) (59 (13)) 05(02)(63(21)) 03 (0-2)f (44 06) 
An dim : 

End ventnenlas xyuale (cud 30(05) 34 o 6) 37) 

End ventricular diastole (cm) 2 2 (0 5) 2 9 (0 6)* 33(0-6)* 





*p « 005and fp « 001 compared with controls. 
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Left ventricular Left ventricular 
hypertrophy dilatation 
110 (35) 125 (85) 
70 (40) 55 (50) 
1202 EH 
25(04 16(06) 
50 g DE 5-0 (2 0)* 
85(24) 110(40)f 
05(03)* 0 4(02)f 
11(03) 0 9 (06) 
07 (0 2) (50 (12) 0 3 (0 2)t (28 (150 
1 1 (0 4) (46 (14) 0 4 (0 40)t (37 (24)) 


Standard assessment of atrial systole (table 3).— 
The mitral flow velocity and the increase 1n the 
minor axis of the ventricle during atrial systole 
were 0-5 (0-1) m/s and 31 (17)% respectively. 
The relative amplitude of the apexcardiogram 
‘a’? wave was 12 (6)%. 

Left ventricular function (table 4) —Fractional 
shortening of the minor axis was 0 28 (0 04), 
septal thickness was 1:2 (0-2) cm, and posterior 
wall thickness was 1-1 (0 25) cm. In diastole the 
isovolumic relaxation time was 70 (20) ms and 
the peak rates of change in the minor axis 
dimension and posterior wall thinning were 8-4 
(2 8) cm/s and 6-2 (1-6) cm/s respectively. 


LEFT VENTRICULAR HYPERTROPHY 
Atrioventricular ring movement.—The pattern 
of left atrioventricular ring motion was ab- 
normal in patients with left ventricular hyper- 
trophy. The extent and velocity of upward 
motion during early diastole were lower than 
normal (extent 0-5 (0-3) cm, velocity 7 (3) cm/s; 
both p < 0-01 v controls) and the distance 
moved during atrial systole was proportion- 
ately greater than normal (50 (12)%, 
p < 0-05). Despite these changes the timing, 
pattern, and extent of right sided ring motion 
remained normal. The proportions of ventri- 
cular inflow due to mitral ring movement as 
distinct from transmitral flow during early 
diastole and atrial systole were similar to 
normal (8 (2)% and 8 (4)% respectively) 
(table 5). 

Anteroposterior left atrial — dimension.—A 
reduced anteroposterior change during ven- 
tricular systole (0-8 (0-2) cm, p < 0-05 v con- 
trols) meant that the anteroposterior dimension 
was increased at ventricular end diastole (2 9 
(0-6) cm, p < 0-05 v controls). Despite this, 
and despite reduced early diastolic movement 
(0.3 (0-1) cm, p < 0:05 v controls), atrial 
systolic motion remained normal. Antero- 
posterior changes were synchronous with 
mitral ring motion as they were in the controls. 
Standard assessment of atrial systole.—The ‘a’ 
wave amplitude on the apexcardiogram and 
atrial systolic mitral flow velocity were 
increased (apexcardiogram 19(11)%,p « 0-05 
v normal; velocity 0-7 (0-2) m/s, p « 001 
v controls (table 3)) The increase in the 
minor axis during atrial systole was normal (34 
(17) 96). 
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Table 3 Standard assessment of atrial systole (mean (1 SD)) 


Minor axis increase (%) 
Apexcardiogram ‘a’ wave (95) 
Mitral velocity (m/s) 


Left ventricular Left ventricular 
Controls hypertrophy dilatation 
31 (17) 34 (17) 21 (15)* 
12 (6) 19 (11)* 31 üt 
05 (0-1) 07 (0 2)t 0-6 (0 3) 


*p < 0 05 and tp < 001 compared with controls. 


Left ventricular function.—Fractional short- 
ening (0:33 (0-66)) was normal (table 4). Early 
diastole was, however, abnormal and was 
characterised by increased isovolumic relaxa- 
tion time (90 (30) ms, p < 0-05 v controls) and 
a reduced peak rate of posterior wall thinning 
(4-6 (1-8) cm/s, p « 0-01 v controls). 


DILATED CARDIOMYOPATHY 
Atrioventricular ring movement.—Downward 
movement of the mitral and tricuspid rings 
during ventricular systole were both dimin- 
ished (mitral 0-7 (0-2) cm, tricuspid 1-6 (0-6) 
cm; both p < 0-01 v controls). The pattern of 
upward movement differed on the right and left 
sides. During early diastole upward mitral ring 
displacement was diminished (extent 0-4 (0-2) 
cm, p « 0-01 v normal, velocity 5 (2) cm/s, 
p < 0:05 v controls), whereas a normal extent 
of upward tricuspid motion was maintained 
due to a considerably increased velocity (11 (4) 
cm/s, p « 0:01 v controls). Upward motion of 
both sides during atrial systole was reduced 
(mitral 0-3 (0-2) cm, tricuspid 0-4 (0-4) cm; both 
p«O001 v controls). The proportion of 
upward movement of the mitral ring to trans- 
mitral flow was normal in early diastole 
(6 (3)%) but was reduced during atrial systole 
(3 (2), p < 0-01 v controls). 

Anteroposterior left atrial — dimension.— 
Anteroposterior left atrial change during 
ventricular systole was reduced (0-4 (0-2) cm, 
p < 0:01 v normal) and the end diastolic 
dimension was increased (3:3 (0-6) cm, p < 
0-01 v controls). The pattern of change during 
diastole was normal. Anteroposterior changes 
were again synchronous with changes in mitral 
ring position throughout the cardiac cycle. 
Standard assessment of atrial systole —Though 
the amiplitude of the ‘a’ wave on the apex- 
cardiogram was considerably raised (31 (17)%, 
p < 0:01 v controls), the increase in the minor 
axis of the left ventricle during atrial systole 
was reduced (21 (15)%, p < 0-05 v controls) 
and peak mitral flow velocity was normal (0:6 
(0-3) m/s, p = NS). 

Left ventricular function—Fractional shorten- 
ing (0-16 (0-05)) and septal thickness (1:0 (0-3) 


Table4 Left ventricular function (mean (1 SD)) 





Left ventricular Left ventricular 

Controls latation 
Variable (n = 20) (n = 28) {n m 16) 
Fractional shortening 028(004)  033(006) 0-16 (0-05)¢ 
Posterior wall thickness (cm) 11(025 17(04 12(02 
Septal thickness (cm) 1-2 (0-2) 25(Q0- 10(03)* 
Isovolumic relaxation trme (ms) 70 Q0 90 (30)* (0t 
Peak rate of dimension increase (cm/s) 8-4 (2-8) 7-6 (2-7) "7 (3-0 
Peak rate of posterior wall thmning (cm/s) 6-2 (1 6) 4-6 (1-8)f 36 (1-9 
RR interval (ms 850 (70) 910 (60) (90) 


*p < 005 and/fp < 001 compared with controls. 
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Table 5 Ratio of long axis change to transmitral 
distance (?6) 


Left ventricular Left ventricular 


Controls hypertrophy dilatation 
Early diastole 8-0 eU 84 q 9) 58(30) 
Atrial systole -9-8(39) 82(45) 30 (0 6)* 


*p < 001 compared with controls. 


cm) were reduced (p < 0-05 and p < 0-01 v 
controls respectively). The isovolumic relaxa- 
tion time was short (40 (30) ms, p < 0-01 v 
controls), suggesting raised left atrial pressure, 
and the peak rate of wall thinning was low (3-6 
(1-9) cm/s, p < 0-01 v controls). 


Discussion i 

Though normal atrial function is well 
recognised as contributing significantly to 
ventricular filling, the way it does so has been 
little studied. We therefore adapted simple 
non-invasive methods based on ultrasound to 
see how changes in atrial and ventricular 
dimensions are related to those in transmitral 
flow velocity in healthy individuals and 
patients with ventricular disease. 

Changes in left atrial volume can be assessed 
from the motion of the atrioventricular ring? 
and also from the anteroposterior diameter, 
itself reflected mainly in aortic root motion 
because the posterior aortic wall is fixed to the 
mediastinum.’? These two measurements 
differ in that the atrioventricular ring is also in 
contact with ventricular myocardium while the 
left atrial diameter is not. The anteroposterior 
diameter thus reflects left atrial events alone,” 
whereas motion of the atrioventricular ring 
allows atrioventricular interactions to be 
studied. 

In healthy individuals left atrial volume 
increases during ventricular systole because 
the mitral valve is closed and venous return 
continues. Two mechanisms can be identified. 
Pulmonary venous return derives ultimately 
from right ventricular systolic function. In 
addition to this, downward motion of the 
atrioventricular ring towards the apex of the 
ventricle, while an integral part of the normal 
contraction and ejection mechanisms of the 
ventricle, * also increases atrial volume and 
potentially facilitates the inflow of blood from 
the pulmonary veins. Though this latter 
mechanism involves forces very much greater 
than those resulting from the venous return, we 
found no evidence that either of these very 
different mechanisms predominated in healthy 
individuals because there was no significant 
phase delay between downward motion of the 
mitral ring and the increase in the antero- 
posterior axis. In addition, the extent and peak 
velocities of changes in the two axes of the left 
atrium that we measured were similar. Thus 
the rate of inflow of blood into the left atrium 
exceeds the potential volume increase due to 
atrioventricular ring motion alone, so that 
changes in atrial dimensions caused by left 
ventricular contraction and pulmonary venous 
inflow seem to be matched in resting healthy 
individuals. During ventricular diastole 
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changes in the anteroposterior diameter and 
mitral ring position were also closely matched 


: in extent, velocity, and timing. When the heart 


rate is slow, as it was in our subjects, changes in 
atrial dimensions reflect the characteristic 
tripartite filling pattern of left ventricular 
inflow, with a rapid fall during early diastole 
and again during atrial systole after the 
intervening period of diastasis. During early 
diastole, the fall in anteroposterior axis is the 


'simple effect of left ventricular filling. Upward 


motion of the mitral ring, however, occurs in 
the face of increasing blood flow velocity across 
the mitral valve. Such acceleration implies a 
positive pressure difference from atrium to 
ventricle, so that movement of the atrio- 
ventricular ring in the opposite direction must 
be the result of a greater force. This force was 
not due to myocardial contraction because it 
operated during the time when both atrium and 
ventricle were relaxed. Thus is was likely to 
have been an elastic force, dissipating energy 
stored in the atrial or the ventricular wall at the 
end of the previous ventricular systole. 
Dissipation of energy stored in the atrial wall 
would be of theoretical interest as a ventricular 
restoríng force with an anatomical basis outside 
rather than within the ventricle, the left atrium 
acting as a modified reservoir of stored energy 
derived from the ventricular myocardium 
rather than the venous return. i 

During atrial systole the long and antero- 
posterior atrial axes shortened equally. We 
found no evidence of regional non-uniformity 
in the extent or timing of atrial systole, as are 
present with normal ventricular systole.” The 
increase in ventricular volume during atrial 
systole was brought about by two discrete 
mechanisms. It is usually assumed that the 
increase in ventricular volume during filling 
can be assessed from the product of-the time 
integral of the transmitral flow velocity, usually 
detected by a Doppler transducer on the chest 
wall, and the effective mitral valve area.’ 
Motion of the mitral ring may modify this 
simple assumption, however. Keith deduced 
from anatomical considerations that because 
the atrioventricular ring moves towards the left 
atrium, blood within the left atrium at the start 
of atrial systole is within the left ventricle at the 
end." Because the blood itself does not move, 
no flow velocities can be detected by a trans- 
ducer working from a fixed external reference 
point. Furthermore, this mechanism does not 
require the development of an atrioventricular 
pressure difference for its operation; and, 
unlike a simple increase in atrial pressure, it is 
directional, with no tendency for retrograde 
flow up the pulmonary veins. Since the effec- 
tive mitral valve area for this mechanism was 
the same as for transmitral flow, we could 
estimate that upward motion of the mitral ring 
contributed approximately 10% of left ven- 
tricular filling during both early diastole and 
atrial systole in our normal group. 

Events on the right side were in general 
similar to those on the left. As has been 
previously shown by angiography," the right 
atrioventricular ring moves further than the 
left during ventricular systole, presumably 
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reflecting the striking differences in right and 
left ventricular fibre architecture. Despite 
altered left sided motion in left ventricular 
hypertrophy, the right side continued to move 
normally. In the patients with dilated cardio- 
myopathy the increased. rate of expansion of 


-right ventricular long axis in early diastole, 


indicated in this study by an increased velocity 
of upward tricuspid ring motion, has been 
described as the mechanism underlying the 
generation of a right ventricular third sound in 
the presence of raised atrial pressure.” ^ 

Left atrial systole was significantly modified 
in disease. In patients with left ventricular 
hypertrophy, the apexcardiogram ‘a’ wave 
amplitude, reflecting pressure generated by the 
loaded atria,” and transmitral flow velocity 
were increased. Mitral ring motion and 
changes in atrial anteroposterior dimension 
remained synchronous as in the healthy con- 
trols. In early diastole, however, the amplitude 
of upward motion of the mitral ring was 
diminished; and it was correspondingly 
increased during atrial systole, when the 
anteroposterior axis reduced normally, sug- 
gesting that atrial systolic shortening of the 
long axis may have been preferentially accent- 
uated. Thus the increase in the left ventricular 
long axis matched the increase in minor axis. 
This was not the case in patients with dilated 
cardiomyopathy. Though the total amplitude 
of atrioventricular ring motion was reduced, 
presumably because of impaired ventricular 
systolic shortening, the relative change with 
left atrial systole was further diminished as was 
the contribution of ring motion to overall atrial 
flow. At the same time the relative prominence 
of the ‘a’ wave on the apexcardiogram 
increased, showing that the ability of the 
atrium to develop pressure was unimpaired. 
This combination of an increased pressure 
‘a’? wave and a reduced transmitral flow is 
compatible with low end diastolic ventricular 
compliance.” 

As a result of these studies we can extend 
traditional views on atrial function, which have 
divided it into reservoir, conduit, and pump 
functions.*>” Reservoir function requires that 
the atrioventricular valves are closed, so that as 
atrial volume increases, pressure is determined 
passively by the compliance of the atria. Con- 
duit function occurs when the valves are open 
and implies that the flow rate entering is equal 
to that leaving, so the volume of blood within 
the atria, remains constant. It dissociates flow 
from volume changes in the atria and so cannot 
be detected from measurements of the pressure 
and volume or dimension of the atrium alone. 
Pump function represents work done on the 
circulating blood by the contracting atria. 
These functions do not take into account any 
interaction between the atria and adjacent 
structures, though such interactions clearly 
exist. Downward motion of the atrioventricular 
ring during ventricular contraction enlarges 
the atrial cavity in a manner quite unrelated to 
reservoir function, and the work done on the 
atria by this means may contribute to forward 
pulmonary venous flow. Then, in early dia- 
stole, atrial emptying by upward motion of the 


atrioventricular ring seems to be the result of 
elastic forces with their likely origin in 
ventricular systole. Upward motion of the 
atrioventricular ring during atrial systole may 
have the advantage of promoting an increase in 
the ventricular long axis in preference to pul- 
monary venous backflow, a mechanism that is 
lost in patients with reduced left ventricular 
compliance. These results indicate that, con- 
trary to previous descriptions, the atria cannot 
be considered in isolation from the adjoining 
ventricles. For interpretation of measurements 
of atrial pressure and transmitral flow, these 
interrelations should be appreciated; this may 
lead to an improved understanding of how 
atrial mechanical behaviour could be altered to 
the advantage of patients with ventricular 
disease. 
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End diastolic flow velocity just beneath the 
aortic isthmus assessed by pulsed Doppler 
echocardiography: a new predictor 

of the aortic regurgitant fraction 


Christophe Tribouilloy, Pierre Avinée, Wei Feng Shen, Jean-Luc Rey, Michel Slama, 


Jean-Philippe Lesbre 


Abstract 

End diastolic flow velocity just beneath 
the aortic isthmus was measured within 
72 hours of cardiac catheterisation by 
pulsed Doppler echocardiography in 30 
controls and 61 patients with aortic 
regurgitation. The end diastolic flow 
velocity was determined at the peak R 
wave on a simultaneously recorded elec- 
trocardiogram. In all controls there was 
no reverse flow at the end diastole be- 
neath the aortic isthmus. In patients 
with aortic regurgitation the end dias- 
tolic flow velocity correlated well with 
the angiographic grade of regurgitation 
(r = 0°81) and regurgitant fraction 
(r = 0-82). The mean (SD) values were 
6:3 (5-2), 12-2 (4:3), 22-1 ($7), and 34:3 (9:3) 
cm/s for patients with regurgitant frac- 
tion of <20%, between 20% and 40%, 
between 41% and 60%, and >60%, re- 
spectively. An end diastolic flow velocity 
of >18cm/s predicted a regurgitant 
fraction of >40% with a sensitivity of 
88-5% and a specificity of 96%. 

The study suggests that the pulsed 
Doppler derived end diastolic flow 
velocity is a useful index in the routine 
non-invasive assessment of the severity 
of aortic regurgitation. 


With the widespread application of both 
pulsed and continuous wave Doppler echocar- 
diography'? and colour flow imaging,‘ several 
variables have been proposed as a measure of 
the severity of chronic aortic regurgitation. 
Clinical study showed pandiastolic flow in the 
descending aorta in patients with aortic regur- 
gitation.” We found that it was easy to 
measure the end diastolic flow velocity just 
beneath the aortic isthmus by pulsed Doppler 
echocardiography and that this method 
provides semiquantitative information on the 
degree of aortic regurgitation.? In the present 
study we investigated further the usefulness of 
this measurement in estimating the aortic 
regurgitant fraction. 


Patients and methods 

PATIENTS 

Seventy patients with chronic aortic regur- 
gitation underwent cardiac catheterisation and 
Doppler echocardiography within 72 hours of 


each other. Nine patients with poor echo- 
genicity were excluded (pure aortic regurgita- 
tion in four and associated aortic stenosis in 
five). We studied the remaining 61 patients 
(43 men and 18 women, mean (SD) age 60 
(17) years (range 22-84)). All patients were in 
stable sinus rhythm and had no angiegra~ 
phically significant mitral regurgitation. Forty 
two patients had pure aortic regurgitation and 
19 had associated aortic stenosis. The cause of 
aortic regurgitation was rheumatic fever in 22, 
degenerative abnormality in 29, infective 
endocarditis in eight, post-traumatic lesion in 
one, and prosthetic valve dysfunction in onc. 
All patients had had a clinical diagnosis of 
aortic regurgitation for more than six months. 

Thirty patients without valve disease served 
as a control group. Cardiac catheterisation and 
angiography were performed because of 
atypical chest pain. All patients had normal 
electrocardiograms, chest x ray, and Doppler 
findings. 


DOPPLER ECHOCARDIOGRAPHIC EXAMINATION 
We used an ATL Mark 600 or a Hewlen- 
Packard 77020 system equipped with a 3 or 
2-5 MHz pulsed Doppler transducer respec- 
tively. Patients were placed in a supine posi- 
tion with the head overextended and the 
shoulders raised. The transducer was posi- 
tioned in the suprasternal notch and directed 
downwards to bring the ultrasound beam on 
to the thoracic aorta at a point between its 
horizontal and descending portions. The 
sample volume was placed in the proximal 
descending aorta just beneath the aortic isth- 
mus and the origin of the icf subclavian 
artery. The Doppler beam was aligned in 
parallel with the axis of aortic blood flow by 
showing a maximal systolic (negative) flow 
velocity curve. Doppler filters were adjusted. 
to minimal values, and gains were ceduced to 
obtain a contrasted but uninterrupted display 
of the model Doppler frequencies. Patients 
with chronic aortic regurgitation often show 
reverse flow velocities throughout diastole in 
the descending aorta and the flow velocity is 
relatively constant after mid diastole.’ The 
end diastolic flow velocity (m/s) was 
measured at the peak of the R wave on a 
simultaneously recorded electrocardiogram 
(fig 1). 

The reproducibility of this measurement 
using this method was tested in 20 patients 
with aortic regurgitation: the mean (SI) intra 
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Figure | Measurement of 
end diastolic flow velocity 
by pulsed Doppler 
echocardiography. ( A) 
Ultrasound beam aligned 
with the axis of the 
descending aorta with 
sample volume just beneath 
the aortic isthmus and 
junction with subclavian 
artery. (B) Flow velocity 
curve. Systolic flow 
velocity appears below the 
O line and diastolic flow 
velocity above it. The end 
diastolic flow velocity was 
measured at the peak of 
the R wave ona 
simultaneously recorded 
electrocardiogram. 


Figure 2 Correlation 
between end diastolic flow 
velocity measured by 
pulsed Doppler method 
and angiographic grade of 
aortic regurgitation. Mean 
and standard deviations 
are shown for each 
angiographic grade. Some 
points represe nt more than 
one patie nt. 


Table 1 
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r081 
p < 0:0001 





Grade 3 


Grade 1 Grade 2 Grade 4 


Angiographic grade 


and inter observer variabilities were 44 
(3-2)% and 5:6 (3-6)% respectively. 


CARDIAC CATHETERISATION 

Right and left heart catheterisations were per- 
formed within 72 hours of the Doppler 
echocardiographic studies. Cardiac output 
was determined by the thermodilution tech- 
nique and total left ventricular output was 


measured from left ventriculography per- 
formed in the 30' right anterior oblique 
projection. Regurgitant fraction was cal- 


culated by the standard formula. Aortography 
was performed in 30° right anterior oblique 
projection with 40—60 ml of contrast media 
injected through a 7F pigtail catheter posi- 


Pulsed Doppler prediction of angiographic grade of aortic regurgitation by end 


diastolic flow velocity. The pulsed Doppler class accorded with the angiographic class in 
39 of 61 patients and no patient was misclassified by more than one class 


Doppler end diastolic flow velocity ( emis 








Angiographic grade 0-9 "9-18 > 18-30 > 30 
I 5 3 0 0 
H 3 13 2 0 
Ill 0 1 16 2 
IV 0 0 8 5 
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tioned 2-3 cm above the aortic valve. The 
degree of aortic regurgitation was graded on a 
scale of I to IV by the method of Sellers et al.” 


STATISTICAL ANALYSIS 

The results were expressed as mean (1 SD). 
We tested the relation between the end dias- 
tolic flow velocity and angiographic grades of 
regurgitation by the Spearman correlation 
analysis; for continuous data we used linear 
regression analysis. 


Results 

CONTROL GROUP 

In all 30 controls the mean (1 SD) value of peak 
systolic flow velocity was 1:10 (0:20) m/s. Early 
diastolic flow beneath the aortic isthmus was 
detected with a velocity of «0:25 m/s and 
lasting «200 ms. There was no reverse flow 
during mid and late diastole. 


AORTIC REGURGITATION 

In 61 patients there was a good correlation 
between end diastolic flow velocity and the 
angiographic grade of aortic regurgitation 
(fig 2). 

Mean (SD) end diastolic flow velocity in 
eight patients with grade I regurgitation was 
5:3 (4:6) cm/s (end diastolic flow velocity was 
zero in four), for 18 patients with grade II 
regurgitation it was 11:8 (4-4) cm/s, for 22 
patients with grade III regurgitation it was 21:4 
(4-3) cm/s, and for 13 patients with grade IV 
regurgitation it was 30-4 (9-6) cm/s. Though 
there was some overlap in end diastolic flow 
velocity among individuals with each of the 
four grades of aortic regurgitation, this 
measurement was a good indication of the 
severity of aortic regurgitation. Thirty one of 
35 patients with end diastolic flow velocity 
7 18 cm/s had grade III or IV regurgitation, 
whereas 24 of 26 patients with end diastolic 
flow velocity <18 cm/s had grade I or II. 
Therefore, an end diastolic flow velocity 
> 18 cm/s predicted severe aortic regurgitation 
(> grade III) with a sensitivity of 88-5% anda 
specificity of 92-3% (table 1). 

The end diastolic flow velocity correlated 
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Figure 3 Correlation between end diastolic flow velocity 
measured by pulsed Doppler method and regurgitant 
fraction by haemodynamic method. Broken lines show 
95% confidence interval and solid line is the regression 
line. Some points represent more than one patient. 
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Table 2. Pulsed Doppler prediction of angiographic regurgitant fraction by end 
diastolic flow velocity. The pulsed Doppler class accorded with the angiographic class in 
46 of 61 patients and no patient was misclassified by more than one class 





Doppler end diastolic flow velocity i cms) 








Regurgitant fraction (% } 0-9 > 9-18 > 18-30 > 30 
0-20 7 3 0 0 
21-40 1 14 1 0 
41-60 0 4 20 2 
>60 0 0 4 5 





well with the regurgitant fraction measured by 
a combined haemodynamic and angiographic 
method (fig 3). Mean (SD) end diastolic flow 
velocity was 6:3 (5-2) cm/s in 10 patients with a 
regurgitant fraction « 2094, 12-2 (4:3) cm/s in 
16 patients with a regurgitant fraction between 
20-40%, 22-1 (5-7) cm/s in 26 patients with a 
regurgitant fraction between 41-60%, and 34-3 
(9:3) cm/s in nine patients with a regurgitant 
fraction > 6095. The end diastolic flow velocity 
reliably classified the regurgitant fraction. 
Thirty one of 35 patients with end diastolic 
flow velocity >18 cm/s had a regurgitant frac- 
tion > 40%. In contrast, 25 of 26 patients with 
end diastolic flow velocity «18 cm/s had a 
regurgitant fraction of « 4094. Therefore, an 
end diastolic flow velocity of >18 cm/s iden- 
tified patients with regurgitant fraction > 40% 
with a sensitivity of 88-5% and a specificity of 
96% (table 2). 


Discussion 

An excellent alignment can be achieved be- 
tween the ultrasound beam and blood flow 
during Doppler assessment of flow velocity in 
the descending aorta and the flow velocity at 
the end of diastole measured just beneath the 
aortic isthmus is a good indicator of the severity 
of aortic regurgitation. 

Previous studies of the flow profiles in the 
aorta showed an irregular flow velocity pattern 
in the ascending aorta with moderate or severe 
regurgitation. Because flow velocity across 
the lumen varies in diastole calculation of 
forward or reverse flow is unreliable. In con- 
trast, flow in the descending aorta produces a 
much flatter velocity profile.” In most of our 
patients we found a narrow band of frequencies 
even when regurgitation was severe. Further- 
more, movement during the cardiac cycle is 
much less in the aortic isthmus than the ascend- 
ing aorta," allowing better positioning of the 
sample volume. In our controls the early dias- 
tolic reverse flow detected in the descending 
aorta by the Doppler method may reflect 
compliance of the aortic wall, and it may be 
impossible to define a shape that takes account 
of the alteration in compliance and the diastolic 
reflux caused by aortic regurgitation." For 
these reasons, flow velocity during late diastole 
in the descending aorta has been investigated 
extensively to assess the severity of aortic 
regurgitation. 

Boughner used continuous Doppler echo- 
cardiography to measure the flow velocity in 
the descending aorta; he found that the ratio 


between the diastolic and systolic flow veloci 
time integrals allowed measurement of aortic 
regurgitant fraction.” Touche er al propose 
modified method using pulsed Doppler 
which the flow velocity-time integral ratic 
multiplied by the ratio of aortic diastolic are 
systolic area obtained from an M mode 
echocardiogram." They alse reported a 
correlation between this measurement 
regurgitant fraction determined invasiy 
Diebold et al also reported that the ratio of 
end diastolic to the peak systolic velocity 
also be obtained from pulsed Doppler echoc 
diography and that it gives semiquantitati 
information about the severity of aortic regur- 
gitation.? Pulsed Doppler is better than con- 
tinuous wave Doppler because it is not affected 
by the venous flow velocities during diastole 
because the site of the sample volume can be 
accurately located. These three methods of 
measuring the regurgitant fraction depend lsr- 
gely on determinations of systolic flow velocity 
Thus they may not be reliable in the presence of 
associated aortic stenosis. ° 

A preliminary study from our laboratory 
showed that a simple measure of the end 
diastolic flow velocity gave an accurate semi- 
quantitative measure of the severity of aortic 
regurgitation, and it can be easily determined 
in most patients with aortic regurgitation.’ The 
results of this study confirm our previous 
observations and further indicate the high 
sensitivity and specificity of an end diastolic 
flow velocity of »18cmís in predicting 
moderate to severe (grade  xIII) aortic 
regurgitation and identified patients with a 
regurgitant fraction of ^ 40"4. This suggests 
that the end diastolic flow velocity may also be 
used to predict the aortic regurgitant fraction. 

There are several potential limitations of this 
method. If aortic regurgitation is slight, 
velocities in the reverse flow will be low and 
may not be recorded if a filter with too high a 
cut off frequency is used, In patients with s 
ductus arteriosus, aortopulmonary fistula, aor- 
tic coarctation at the isthmus level, or aortic 
dissection, this method is not feasible because 
of a continuous flow component in these 
regions.'' Because the accuracy of end diastolic 
flow velocity in measuring the severity of aortic 
regurgitation relies on a relatively constant 
reverse flow velocity throughout diastole, the 
regurgitant fraction may be overestimated dur- 
ing tachycardia (> 120 beats/min) and under- 
estimated during bradycardia («50 beats; 
min). In atrial fibrillation, when the diastole is 
prolonged, there may be no end diastolic flow, 
The compliance of the left ventricle in acute 
aortic regurgitation might well be quite differ- 
ent from that of patients with chronic aortic 
regurgitation. There may be equilibration of 
aortic and ventricular pressures before end 
diastole, which may lead to cessation of reverse 
flow before the proposed measurement. 

The end diastolic flow velocity just beneath 
the aortic isthmus can be measured easily in 
most patients with chronic aortic regurgitation 
and is an accurate indicator of the regurgitant 
fraction. It may be useful in the routine assess- 
ment of patients with chronic aortic regurgita- 






























tion. The effect of various afterloads on this 
relation should be investigated. 
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Interatrial shunt flow profiles in newborn infants: 
a colour flow and pulsed Doppler 


echocardiographic study 
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Nobuyuki Fujino, Yasunori Horiguchi, Kimio Yashi 


Abstract 

Interatrial shunt flow profiles in 36 nor- 
mal term infants were examined serially 
by colour flow and pulsed Doppler 
echocardiographic techniques from 
within an hour of birth to four or five 
days after birth. Shunt flow across the 
foramen ovale was detected in 33 normal 
infants (92%) within an hour of birth 
(mean 40 minutes). The occurrence of 
interatrial shunting decreased with age, 
but a shunt signal was still detected in 17 
infants (47*6) on the fourth or fifth day 
of life, by then the ductus arteriosus had 
already closed in all the normal infants. 
The direction of interatrial shunt flow 
was predominantly left-to-right, but in 
64% there was a coexistent small right- 
to-left shunt in diastole within an hour of 
birth; by four to five days it was found in 
19%. In the six patients with persistent 
fetal circulation the direction of the 
interatrial shunt flow was predomin- 
antly right-to-left with biphasic peaks in 
diastole and systole at the early stage of 
the disease, and the period of right-to- 
left shunt flow during each cardiac cycle 
was significantly longer than that in nor- 
mal infants examined within 1 hour of 
birth. In all patients the ductus closed 
before the foramen ovale. At the time of 
ductal closure in all patients with persis- 
tent fetal circulation right-to-left shunt 
flow was seen during diastole and its 
period was still prolonged. 

These findings suggest that interatrial 
shunting, predominantly left-to-right, is 
common in normal newborn infants. 
Evaluation of the charactéristics of the 
interatrial shunt by Doppler echo- 
cardiography may be useful for predict- 
ing the progress of or improvement in 
neonates with persistent fetal circula- 
tion. 


Dramatic changes occur in the circulation of 
the newborn infant. In most normal newborn 
infants the foramen ovale: functionally closes 
within an hour of birth as a result of the 
increase in pulmonary venous return, decrease 
in blood flow in the inferior vena cava, and 
increase in systemic arterial resistance after 
delivery.!? However, a recent Doppler echo- 
cardiographic study suggested that in normal 
neonates, right-to-left shunting occurred dur- 
ing most of diastole, with coexistent left-to- 
right shunting for some time.’ In addition, 


ro 


little is known about the prevalence and serial 
changes in interatrial shunt flow in normal 
infants because previous studies did not 
directly analyse interatrial blood flow.*^ Also 
interatrial haemodynamic function in patients 
with persistent fetal circulation syndrome is 
poorly understood. 

Therefore, we analysed interatrial shunt 
flow profiles using colour flow and pulsed 
Doppler echocardiography to establish (a) the 
frequency of a patent foramen ovale during 
normal postnatal life, (b) flow dynamics across 
the foramen ovale in normal infants and in 
patients with persistent fetal circulation, and 
(c) the relation between ductal shunting or 
closure and interatrial shunt flow profiles. 


Subjects and methods 

SUBJECTS 

We studied 36 term infants with a gestational 
age of 738 weeks. Each was the product of a 
normal pregnancy, labour, and delivery. 
Infants were of average size for gestational 
age, and birth weight ranged from 2600 to 
3700 g (mean 3100 g). None had received any 
medication or supplementary oxygen before 
the study. All infants had normal findings on 
physical examination and echocardiographic 
examination showed that they were free of 
cardiovascular disease. The initial study was 
performed within an hour of birth (mean 40 
minutes) in all infants and serial studies were 
performed during the first five days after birth 
at 3 (0:5) (mean (SD)), 24 (1), and 109 (8) 
hours (4 to 5 days). These examinations were 
undertaken when the infants were in a quiet 
state. 

We also studied six term infants with 
typical persistent fetal circulation and who 
presented with early cyanosis within 12 hours 
of birth, with low arterial oxygen tension 
(under 45 mm Hg when inhaling 100% 
oxygen) after structural heart disease had been 
excluded by cross sectional and Doppler 
echocardiography.? Birth weights ranged from 
2400 to 3400 g (mean 2900 g). There was no 
recognisable pulmonary, haematological, or 
central nervous system disease in five patients 
but one had mild pulmonary parenchymal 
disease caused by  meconium aspiration. 
Initial examinations were performed within 
24 hours of birth in all patients and serial 
studies were performed one or two times a day 
until all clinical findings disappeared. 


COLOUR FLOW AND DOPPLER 
ECHOCARDIOGRAPHIC EXAMINATIONS 
All infants were studied with a commercially 





Figure 1 

foramen ovale. Doppler spectral display above the zero line represents left-to-right flow and that below the zero line right-to-left. The 

duration of left-to-right interatrial flow ( T, — T,) was measured and expressed as the ratio to the RR interval of the electrocardiogram 
T T-IRR ). ECG, electrocardiogram; LA, left atrium; RA, right atrium. 
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available system (Hewlett-Packard, Model 
77020 AC) with a 5 MHz shallow focus or 3:5 
MHz transducer. For analysis we used the 
image that best demonstrated the colour flow 
imaging of transatrial flow. This was most 
often obtained from the subxiphoid approach 
as described previously.! The lower para- 
sternal approach was also attempted in some 
infants. In addition, the entire length of the 
ductus arteriosus was visualised from the high 
parasternal approach.’ For Doppler colour 
flow imaging, flow directed toward the trans- 
ducer was conventionally coded as red 
whereas flow directed away from the trans- 
ducer was blue. Variations in velocity were 
represented by the brightness and intensity of 
the colour. For colour flow imaging the gain 
was initially reduced and then progressively 
increased until an acceptable colour image was 
obtained. Interatrial left-to-right shunting 
was judged to be present when red, yellow, or 
mosaic signals crossed the atrial septum and 
extended into the right atrium. Right-to-left 
shunting was considered to be present if blue 
or mosaic signals crossed the atrial septum 
and extended into the left atrium. Ductal left- 
to-right shunting was considered to be present 
if red, yellow, or mosaic signals were seen 
across the ductus from the descending aorta to 
the main pulmonary artery. Right-to-left duc- 
tal shunting was judged to be present if blue 
or mosaic signals crossed the ductus from the 
main pulmonary artery to the descending 
aorta. 

When colour mapping showed interatrial or 
ductal shunting the findings were confirmed by 
pulsed Doppler analysis, which indicated the 
direction of the flow across these orifices. The 
sample volume was placed on the colour 
Doppler echocardiographic shunt flow signal. 
Doppler profiles and simultaneous electro- 
cardiograms were recorded at 50-100 mm/s 
and were stored on video tape for later playback 
and analysis in stop frame mode. When there 
was a bi-directional pattern at the site of the 
interatrial communication the time intervals 
were measured as described elsewhere." In 


brief, the turning point from the right-to-left to 
the left-to-right shunt was designated as T, and 
the turning point from the left-to-right to the 
right-to-left shunt as T, (fig 1). The ratio of the 
T,- T, interval to the RR interval of the 
electrocardiogram (T, — l';/RR) was calculated 
and a mean taken from the recordings of 10 
consecutive beats. 


STATISTICAL ANALYSIS 

We used non-parametric techniques to analyse 
serial changes in the frequency of interatrial 
shunting and Student’s ¢ test for differences in 
mean values between the two groups. À 
probability value of «0-05 was regarded as 
significant. 


Results 

NORMAL. NEWBORN INFANTS 

Within an hour of birth left-to-right shunt flow 
was detected in 10 infants (28%) and bi-direc- 
tional shunt flow in 23 (64%) (table, fig 2). The 
proportion in whom the foramen ovale was 
functionally closed did not change within three 
hours of birth but increased significantly from 
three to 24 hours (p < 0-01). There had been a 
further increase in the functional closure by the 
fourth and fifth days of life, but 10 (28%) 
infants still had a left-to-right shunt signal and 
seven (19%) a bi-directional one. The ductus 
arteriosus was patent three hours after birth in 
all infants and it closed functionally in 52% at 
24 hours of life. By the fourth to the fifth day of 
life, there had been spontaneous functional 
closure of the ductus in all infants. 


ANALYSIS OF INTERATRIAL SHUNT FLOW 
DYNAMICS IN HEALTHY NEWBORN INFANTS 

A left-to-right shunt signal was recorded in 
systole and early diastole (fig 2). A slight right- 
to-left shunt signal was noted in diastole, 
mostly in atrial systole; during three examina- 
tions in two infants a right-to-left shunt signal 
was noted in both diastole and systole. In 23 
infants with a bi-directional shunt flow within 
an hour of birth the mean T,—T,/RR ratio 
ranged from 0-68 to 0-95 (mean 0-85) (fig 3). 
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Interatrial shunt flow profile determined by Doppler echocardiography. The sample volume was placed at the site of the 
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Figure2 Colour flow and pulsed Doppler echocardiograms from a normal infant 30 minutes after delivery. (A) Subxiph 


transatrial red signal (arrow) during systole, which is indicative of left-to-right shunt flow. ( B) Note the blue signal (arri 

atrium to left atrium in diastole. ( C) Doppler signal showing that the direction of shunt flow is predominantly left-to-right (1 

represented as Doppler signal toward the transducer. There was a small amount of right-to-left ( R-L) shunt flow ( Doppler signa 

transducer ) of short duration in atrial systole. RA, right atrium; LA, left atrium; ant-inf, anterior-inferior; post-sup, posterior-su } 
It, left. 


Occurrence and direction of interatrial shunt flow 
————M——— = 
Age after birth 








Direction of shunt flow 20-60 (min) (n(% 2-4 (h) (n(% 23-26 í} n 
No shunt 3 (8 4 (11 13 (36 
Left-to-right shunt 10 (2$ 13 (36 12 (33 
Bi-directional shunt 23 (64 19 (53) 11 


PATIENTS WITH PERSISTENT FETAL CIRCULATION recorded in both diastole and 
At the initial examination the direction of two patients, small left-to-righ 
interatrial shunt flow was predominantly right- detected in late systole. | 
to-left. The right-to-left shunt signal was period, the direction of the sh 
the ductus was predomina 
during systole and a smal 
flow was detected during 


1:0 


patients. In all infants the duct i sf 
taneously between 24 hours arx ( 

birth. At the time of ducta re, intera 
shunt flow pattern was bi-directional and ri 


to-left shunt flow was det 

six patients. Inspired oxyg 1 i 
maintain arterial oxygen ter n betw 
and 60 mm Hg and the fra 





E oxygen ranged from 0:4 to 0:8 ach pat 
me Figure 3 shows that the 1 r./RR 
RBS significantly lower in th« 
| 05 tent fetal circulation thai 
E ductal closure (p < 0-01) and 
c also significantly lower t! A 
S an hour of birth in normal i 
2 These bi-directional shunt p 
left-to-right flow between 
day of life, and functiona ) 
foramen ovale was noted in fi 
month. 
Discussion 
The data presented in this s wed 
Normal 1 2 interatrial shunt, predomin 
neonates Persistent fetal was common in normal 


Colour flow mapping clearly disting 
tween interatrial left-to-rig 
flow in the superior vena cava. The result 


circulation 


Figure 3 T,— T,|RR ratio in 23 normal infants with a 
bi-directional shunt flow and six patients with persistent 
fetal circulation (PFC) associated with considerable colour flow mapping wer 

Riera Le ) and a ee Pita . The Doppler spectral analys 

ratio of T, IRR was smaller in PFC-1 than in is " z 4 : 
normal infants p < 0:01) and the value in the PFC-2 interatrial shunting did x 
lay between values in the other two groups. The bars show first three hours of birth, 
mean (ISD). decreased from three to 


44 


Figure 4 Colour Doppler 
echocardiograms from a 
patient with persistent 
fetal circulation. The 
transatrial blue signal, 
which is indicative of 
right-to-left shunt flow, 
was recorded in diastole. 
Note the mosaic signal 
(arrow) crossing to the 
foramen ovale in systole, 
indicating aliaising. 
Combined pulsed Doppler 
flow mapping and 
continuous Doppler 
technique showed that the 
blue signal originated from 
tricuspid regurgitant Jet 
with high velocity of 3:5 
m/s. TV, tricuspid valve; 
MV, mitral valve; RA, 
right atrium; LA, left 
atrium. 
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Drayton and Skidmore reported that ductal 
left-to-right shunt flow of 62 ml/kg/minute in 
term infants (95% confidence interval 43 to 82) 
shortly after birth decreased rapidly over the 
first 12 hours.’ This result was consistent with 
the time course of changes in the morphology 
and flow patterns in the ductus arteriosus." "! 
From these observations, it seems that the 
ductal left-to-right shunting in early postnatal 
life increases the frequency and magnitude of 
the left-to-right shunting through the foramen 
ovale. However, this mechanism does not 
explain the finding that interatrial shunt flow 
was detected in 47% of our subjects in the 
fourth to fifth day of life when the ductus had 
already closed in all infants. An earlier study* 
and our study found that the patent foramen 
ovale was either a redundant flap valve of the 
septum primum or a septal drop out at the 
superior rim of the septum primum. Others 
also found that patent foramina ovale were of 
normal size with unduly short or lax valves or 
were oversized with a normal sized valve." 
Incompetence of the foramen ovale could occur 
if the development of various portions of the 
atrial septum was unbalanced, even in the 
absence of left atrial enlargement," left sided 
lesions, and left ventricular failure." 

We assessed the phase and the duration of 
interatrial left-to-right or right-to-left shunt- 
ing during each cardiac cycle from simul- 
taneous recordings of the Doppler determined 
flow velocity pattern and the electrocardio- 
gram. In most normal infants left-to-right 
shunting was dominant and slight right-to-left 
shunt flow was frequently noted in diastole; 
however, right-to-left shunt was seen in both 
diastole and systole in two infants with moder- 
ate tricuspid regurgitation. On the other hand, 
in all six patients with persistent fetal circula- 
tion, right-to-left shunting was dominant with 
biphasic peaks in diastole and in systole; but in 
two infants there was a small left-to-right shunt 
flow in later systole. We did not monitor 
respiration, and respiration especially mechan- 
ical ventilation, might have an effect on the 
interatrial shunt flow pattern. All six infants 
with persistent fetal circulation, however, 





showed conversion from dominant right-to- 
left shunting to bi-directional shunting during 
intubation and ventilation, and two had pure 
left-to-right shunting immediately before the 
extubation. These manoeuvres seemed to have 
little effect upon changes in the flow patterns in 
our patients. 

The interatrial pressure gradient, which can 
determine the direction and the phase of shunt 
flow? may be affected by (a) the difference in 
distensibility of the right and left ventricles, 
(b) the capacitance of the systemic and pulmon- 
ary venous systems, (c) tricuspid regurgitation, 
and/or (d) persistence of a right-to-left or left- 
to-right shunt at the level of the ductus arter- 
iosus. Analysis of the filling patterns of the 
right and left ventricles in normal neonates? '^ 
suggested that the right ventricle becomes less 
distensible in the neonatal period and that this 
may cause diastolic interatrial shunting. If this 
i5 an effect of raised pulmonary resistance, then 
the pulmonary artery hypertension associated ' 
with persistent fetal circulation should predis- 
pose to an increase in diastolic right-to-left 
interatrial shunt flow as seen in our study. On 
the other hand, in an earlier cineangiographic 
study of ventricular volume in 10 patients with 
persistent fetal circulation we found that a 
decrease in pulmonary blood flow reduced the 
preload of the left ventricle." We also found 
that a regurgitant tricuspid jet crossed the 
foramen ovale and entered the left atrium in 
two normal infants and four with persistent 
fetal circulation. These observations raise the 
possibility that systolic right-to-left shunting 
results from a smaller capacity of the pulmon- 
ary venous system than that of systemic venous 
system, from tricuspid regurgitation, or from 
both. 

All six patients with persistent fetal circula- 
tion responded to conventional treatments 
such as infusion of tolazoline hydrochloride 
and hyperventilation. The ductus arteriosus 
closed before the foramen ovale in all six 
patients. At the time of the ductal closure the 
interatrial shunt flow pattern was bi-directional 
and the duration of diastolic right-to-left shunt 
flow was still longer than in normal infants. At 
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this stage these patients had mild to moderate 
hypoxaemia. Our data indicate that relatively 
reduced distensibility ofthe right ventricle may 
persist after ductal closure, resulting in inter- 
atrial right-to-left shunting in diastole. The 
reduced distensibility of the right ventricle may 
be related to the persistence of relatively high 
pulmonary arterial] pressure seen even after 
ductal closure in infants with persistant fetal 
circulation.'® 

Evaluation of interatrial shunting by 
Doppler echocardiography depends on this 
knowledge of the characteristics of interatrial 
shunting in normal newborn infants. The 
Doppler technique can be useful in assessing 
the severity and course of persistent fetal 
circulation. 
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Flecainide in the treatment of fetal tachycardias 


Lindsey D Allan, Sunder K Chita, Gurleen K Sharland, Darryl Maxwell, Kim Priestley 


Abstract 

Fourteen mothers were treated with 
flecainide for fetal atrial tachycardias 
associated with intrauterine cardiac 
failure. Twelve of the 14 fetuses respon- 
ded by conversion to sinus rhythm. One 
of the 12 fetuses subsequently died in 
utero. The remaining fetuses suffered no 
morbidity and were alive and well 3 
months to 2 years after delivery. The two 
fetuses in whom atrial tachycardia did 
not convert with flecainide were success- 
fully treated with digoxin. These results 
compare favourably with previous forms 
of antiarrhythmic treatment. After 
recent reports of the side effects of 
flecainide treatment, however, it has 
been advised that this drug should be 
confined to high risk patients and those 
with life threatening arrhythmias. The 
use of flecainide for fetal arrhythmias 
should be limited to patients with severe 
fetal hydrops and supraventricular 
tachycardias. It should not be the first 
drug of choice in atrial flutter. 


Flecainide is a potent class 1c antiarrhythmic 
drug that is available in the treatment of atrial, 
junctional, and ventricular arrhythmias.’ It 
acts on the fast sodium channel and slows 
conduction throughout the conduction sys- 
tem; its greatest effect is on the His bundle. It 
was effective and apparently safe in babies and 
children.’ It was also successful for tachycar- 
dia in a fetus.’ However, recent reports of an 
increase in the incidence of sudden death in 
adults with ventricular extrasystoles on main- 
tainance flecainide treatment after myocardial 


Summary of the clinical details and outcome in 14 fetuses treated with flecainide 


infarction have led to recommendations that 
its use is restricted to patients with life 
threatening arrhythmias.'" The intrauterine 
development of a fetal tachycardia and heart 
failure is certainly a life threatening condition; 
fetal mortality is reported to be 20-50%.” 
'The variety of drugs reported to be useful in 
the treatment of fetal tachycardias—for exam- 
ple, digoxin, verapamil, quinidine, procain- 
amide, amiodarone, and propranolol—gives 
some indication of the difficulty of managing 
these cases successfully.^? © We used flecain- 
ide in a group of 14 patients with fetal 
tachycardia. We present our results and 
recommendations for the use of this drug in 
this condition in the light of increasing con- 
cern about its safety. 


Patients and methods 

Fourteen patients presenting consecutively 
over a two year period with a fetal tachycardia 
and cardiac failure were treated with flecain- 
ide (an oral dose of 300 mg per day given to 
the mother). The table summarises the data 
on these patients. In all except patient 14, 
gross fetal hydrops was evident at presenta- 
tion. The gestational age ranged from 23 to 36 
weeks (mean 31). The rhythm disturbance 
was atrial flutter in two and supraventricular 
tachycardia in 12. One fetus had evidence of 
reduced left ventricular function on cross sec- 
tional, M mode, and Doppler evaluation. 
Congenital heart disease did not underlie the 
arrhythmia in any patient. 

All patients were treated in hospital. Mater- 
nal serum concentrations of flecainide were 
monitored regularly and maternal electro- 
cardiograms recorded weekly. Maternal serum 
concentrations of 400-800 ug/l of flecainide 





Gestation at 








Time to Drainage Hydrops at 
Case No — Presentation Delivery Rhythm conversion Duration of treatment procedure delivery Outcome 
1 32 374 AF «48h 1 week + Mild Aand W 
2 33 36 SVT <5 days 3 weeks + Mild A and W 
3 3l 314 SVT <2 days 3 days — Mod Aand W 
4 30 32+ SVT <5 days 2 weeks + Mod Cot death, at 4/12 
5 23 23 SVT <24h 3 days — Mod TU death 
6 36 37 SVT <24h I week - Mild À and W 
7 28 39 SVT «48h 5 weeks, F stopped, no recurrence * None A and W 
8 35 35- SVT <24h 3 days — Mod A and W 
9 32 334 SVT «24h 3 days, F stopped, reverted, F converted again -— Mod A and W 
10 32 38 SVT «48h 3 days, F stopped, reverted, F 1 week, stopped * None A and W 
it 23 38 SVT <48h 3 days -— None A and W 
12 33 374 SVT <4 days 4 days, F stopped, reverted, F till delivery + Mild A and W 
13 33 39 SVT -— 2 weeks, changed to D, converted — None A and W 
14 34 38 AF — 2 days, changed to D, rate control — None A and W 





SV'T, supraventricular tachycardia; AF, atrial flutter; A and W, alive and well; IU, intrauterine; D, digoxin; F, flecainide. 
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. were maintained; two : patients required 


400 mg a day to achieve.this. Maternal serum. 
and cord concentrations of flecainide were 
measured at cordocentesis and delivery. 


Results F : 

The table shows the clinical details and results 
of treatment in 14 patients. In one patient (casé- 
14) treatment with flecainide was stopped after 
2 days becausé the fetus was found to be in- 
atrial flutter and there was only mild fetal heart 


- failure. In another patient (case 13) treatment 


was changed to digoxin after 2 weeks because 
only intermittent rate control had been 
achieved with flecainide. The remaining 12 
fetuses converted to sinus rhythm in less than 5 ; 
days, most within 48 hours. In four of the 12 
flecainide was: stopped after conversion. In 
patient 7 flecainide was stopped at 33 weeks’ 
gestation, 5 weeks after the start of treatment, 
and the arrhythmia did not recur, In patient 9 - 


'flecainide was stopped 2 days after conversion. 


Sinus rhythm was maintained for 3 days before 
the supraventricular tachycardia recurred. A 
second course of.flecainide restored sinus-- 
thythm. Patient 10 required two courses of 
flecainide but the drug was stopped at 34 
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function recovered over the first 4 months of 
life. Five neoriates required no treatment. The 
infant who suffered a cot death at four months 
old was not taking any treatment. 


Discussion 

Outcome in this group of patients compares 
favourably with our earlier results in a study of 
fetal atrial tachycardias.!! In our previous series 
of 12 hydropic fetuses treated with digoxin and 
verapamilthere were two deaths and a high rate - 


`of postnatal complications in the remaining 10. 


Control of the arrhythmia was achieved in 


'seven of 12 compared with 12 of 14 in the 


present study but the main difference was in 
the speed -of conversion—the mean time to 
conversion in the former group being 2-3 


` weeks compared with 48 hours in the flecainide 


group. Though the mean age at delivery was 
similar (35 weeks) in the digoxin and verapamil 
series and in the flecainide series, the main 
causes of morbidity in our earlier series were 
related to the complications of prematurity, 
especially ischaemic bowel disease. Quick con- 


-trol of the-rhythm and time for some resolution 


of the hydrops will result in an infant in better 
condition at delivery and may even delay the 


weeks’ gestation and the rhythm. disturbance -onset of premature labour. It is possible that 


did not recur. In patient 12, an initial short 
course of flecainide controlled the tachycardia - 
but the arrhythmia recurred. This mother-was 
then maintained on flecainide treatment until 
delivery close to term. 


Of the 12 patients who were successfully ~ 
- converted, there was one spontanéous 
intrauterine death: This occurred 3 days after ^ 


treatment with flecainide was started. The 
fetus had converted to sinus rhythm and died 
within 24 hours of cordocentesis. All the 
remaining patients showed some resolution of 
hydrops at delivery; the most complete was in 
those fetuses remaining longer in utero after 


- conversion of cardiac rhythm. Two patients . 


had peritoneal drainage 2 weeks after conver- 


. sion; one had a peritoneal shunt positioned 
before conversion; in neither did fluid reac- 


cumulate. In two patients, drainage y was perfor- 
med less than a week after conversion but the- 
ascites reaccumulated though it did improve or 
resolve with time. In one fetus the abdomen 
was drained - just before delivery. “All the’ 
patients, (nine- 'of the ` surviving. 11) who 
delivered at less than 38 weeks! gestation were 
spontaneous deliveries except for patient 4 who 
required electivé delivery at 324 weeks 
because of severe pre-eclampsia. : 

Comparison of cord and maternal serum 


` concentrations of. flecainide indicated -placental 


transfer of approximately 80% of the drug'ånd 
showed that all fetuses. had concentrations 
within the therapeutic range (400-800 ug/1). 
Six of the 11 infants who: were successfully 
treated with flecainide before birth and were 


. born alive had recurrence of tachycardia post- - 


natally. Five were treated with digoxin alone ~ 


'_ during the first year of life. One neonate 


required propranolol i in addition to ‘digoxin. In 


_ this last patient compromised left ventricular 


` our current management procedures, such as 


peritoneal drainage, also contributed to the 
improved morbidity. Immediate resuscitation 
of the newborn is easier if tense ascites has been 


-drained—even if just before delivery. Resolu- 


tion of hydrops prenatally takes 1—2 weeks after 
rhythm control even with drainage procedures 
but the niore complete it is before birth the less 
hazardous will be the postnatal course. 

The ability to achieve therapeutic drug con- 


-centrations in the fetus quickly and the high 
.rate of responsiveness make flecainide an 


attractive alternative to other drugs that are less 
well transferred by the placenta. The speed of 
achieving conversion allows the drug to be 
stopped after rhythm control as it was in four 
cases. In one, the hydrops had completely 
resolved and the arrhythmia did not recur; in 
the others there was a recurrence of tachycardia 
but this was quickly brought under control a 
second time. Flecainide probably should not be 
used for atrial flutter because it can increase the 
ventricular response and therefore increase the 
heart rate. In the two patients with atrial flutter 
treated with flecainide, treatment was changed 
to digoxin after only 2 days in the first patient 
and in the other patient digoxin had failed to 
convert or slow the rhythm after 3 weeks with 
maternal serum concentrations of digoxin at 
2 ug]l (patient 1). Some digoxin still present in 
the fetus may have protected it from adverse 
effects and potentiated the conversion with 
flecainide, which occurred within 48 hours. 
Thus it is imperative that the type of rhythm 
disturbance is not treated blindly but is asses-- 
sed and correctly identified by M mode 
echocardiography before treatment is started.” 
A further attraction of flecainide is that it can 
be used for ventriculàr tachycardias. These are 
much less common prenatally but do occur,” 


"Though in most cases it should be possible to 
distinguish between atrial and ventricular 
tachycardias on the M mode echocardiogram, a 
ventricular tachycardia with retrograde con- 
duction of every beat would be impossible to 
identify. Other drugs used to treat atrial 
tachycardias such as digoxin or verapamil are 
contraindicated for a ventricular tachycardia. 
Recent reports of sudden deaths in adults 
treated with flecainide after myocardial infarc- 
tion are of great concern. We were treating 
young healthy women but any risk to maternal 
health must be avoided. The fetus with a 
tachycardia and severe hydrops is at high risk 
and therefore potentially dangerous treatment 
can be considered on its merits but the results 
of this treatment, which remains experimental 
at this stage, must be closely evaluated. The 
evidence from adult studies suggests that poor 
ventricular function, high drug concentrations, 
and the presence of cardiac failure are risk 
factors for the arrhythmogenic effect of flecain- 
ide.'* Our one patient with poor left ventricular 
function did well and we maintained careful 
control of drug concentrations. All our fetuses 
had severe cardiac failure and it is only because 
they were so compromised that treatment with 
a high risk drug was considered. Digoxin is the 
only antiarrhythmic drug with a positive 
inotropic effect that is safe in the presence of 
heart failure and this is not adequately or 
sufficiently quickly transferred by the placenta 
in most patients. Amiodarone has no negative 
inotropic effect but it is known to depress 
thyroid function; this could affect normal 
development if it occurred prenatally. Studies 
of an animal model suggested that immature 
cardiac tissues may be less sensitive to flecain- 
ide? but this needs to be substantiated in 
clinical practice. 

Initially we attributed the unexplained death 
in our series to the cordocentesis procedure, 
but this patient may have died of an arrhythmia 
induced by flecainide. We performed fetal 
blood sampling in the past as part of our 
protocol for the management of hydropic 
tachycardic fetuses in order to estimate the 
blood gases, karyotype the fetus, and monitor 
drug concentrations. We judged that the infor- 
mation gained from this procedure justified the 
risk (1-2%).'® The death of patient 5 led us to 
question this policy and also to re-examine the 
criteria for the use of flecainide. Our current 
policy does not include routine fetal blood 
sampling. 
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Flecainide proved to be a useful drug in the 
management of fetal tachycardias. However, its 
use should be limited to patients with 
supraventricular tachycardia and those with at 
least moderate or severe hydrops. Patients 
must be carefully selected and monitored. In 
addition, mothers must be fully informed of the 
risks of treatment. Accurate diagnosis and 
optimum management depend on treatment by 
a paediatric cardiologist experienced in the 
management of arrhythmias and an obstet- 
rician practised in drainage procedures and in 
obtaining fetal blood samples for blood gas 
monitoring—for example, where fetal hypoxia 
is suspected. Use of flecainide is specifically 
restricted and its role needs to be further 
assessed in centres where a large database of 
results can be collected for analysis. 


We thank Dr N Rutter for allowing us to include the data from 
one of his patients in this report. 
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Lipomatous hypertrophy of the interatrial 
septum: an unusual intraoperative finding 


M Bhattacharjee, M C Neligan, P Dervan 


Abstract 

Lipomatous hypertrophy of the inter- 
atrial septum was an incidental finding 
in a man of 45 undergoing coronary 
artery bypass grafting for unstable 
angina. He was not overweight and did 
not have any rhythm disturbances. The 
diagnosis was made on frozen section. 


Case report 

A 45 year old man presented in August 1989 
to the National Cardiac Surgical Unit, Dublin 
with unstable angina that required emergency 
grafting. 

In August 1988 he had had an inferior 
myocardial infarction from which he made an 
uneventful recovery but was left with angina 
of effort. This remained stable on medical 
treatment. Two months before operation the 
angina became unstable and angiography con- 
firmed triple vessel disease. He was a 
moderately heavy smoker with a family his- 
tory of ischaemic heart disease: his father died 
at the age of 51 from a myocardial infarction. 
Forty eight hours before operation he was 
admitted to a coronary care unit. He needed 
intravenous nitrates to control his angina. 

He looked fit and was normotensive and in 
sinus rhythm. There was no evidence of con- 
gestive heart failure. He had varicose veins in 
both legs. 

Laboratory investigations were normal 
except for total proteins (85 g/l (normal range 
58-80)); albumin (54 g/l (35-53)); and alanine 
aminotransferase (45 IU/l (5-35). The 
electrocardiogram showed sinus rhythm. 

Within hours of his transfer to our unit a 
coronary artery bypass graft operation was 
started. Total cardiopulmonary bypass was 
established through a single aortic cannula 
and a composite venous cannula after a 
median sternotomy. Then a lesion of the 
interatrial septum in front of the right 
superior pulmonary vein was noticed. At this 
point bicaval cannulation was carried out and 
the right atrium was opened to show a firm 
brownish mass in the interatrial septum. 

The mass was regarded as a possible 
tumour and multiple biopsy specimens were 
taken for rapid diagnosis from frozen sections 
to exclude malignancy. Because the 
appearance of the specimens suggested 
lipomatous hypertrophy of the interatrial sep- 
tum we proceeded to do the coronary artery 
bypass grafting. Before we closed the right 


atrium we took further biopsy specimens for 
paraffin sectioning. We used reversed long 
saphenous vein segments for bypass grafting 
to the left anterior descending, right coronary, 
and obtuse marginal arteries. 

He came off bypass with no problems other 
than a transient nodal rhythm which did not 
affect his haemodynamic state. After operation 
he remained in sinus rhythm and his remain 
ing hospital stay was uncomplicated. 

A paraffin section of the biopsy specimen 
(figure) showed fragments of normal myocar 
dium infiltrated by mature adipose tissue 
which surrounded large and small groups of 
myocytes. The adipose cells were normal and 
there was no evidence of malignancy. The 
epicardium contained occasional clusters of 
lymphocytes. These features are characteristic 
of lipomatous hypertrophy of the interatrial 
septum. 


Discussion 

This is the second case of lipomatous hyper 

trophy of the interatrial septum detected as an 
incidental finding at operation. The first was 
reported by McAllister and Fenoglio in 1978 

We believe that this is the first time this 
tumour-like lesion has been diagnosed by 
frozen section examination. Accurate his 

tological diagnosis is not difficult if the pos 

sibility of lipomatous hypertrophy is borne in 
mind. Otherwise a low grade liposarcoma is 
likely to be diagnosed. A firm brown tumour 
arising in the interatrial septum in a 
previously fit young man with earlier evidence 
of arrhythmia certainly did not suggest 
lipomatous hypertrophy of the interatrial sep 

tum. So it was only after it was unequivocally 
shown that there was no evidence of malig 

nancy in the frozen sections that we continued 
with bypass grafting. 

Lipomatous hypertrophy of the interatrial 
septum was first reported by Prior in 1964 as 
an unusual necropsy finding in five patients 
(mean age 73). Cases have been reported in 
patients aged 22 to 88 years.' In 1971 Hutter 
and Page reported on the clinicopathological 
findings in 10 patients and recognised the high 
incidence of atrial arrhythmias and a defor 
med P wave on the electrocardiogram 
(previously described as a "dome and dip" 
configuration). When we reviewed our 
patient's past electrocardiograms we found 
similar P wave characteristics in leads II, III, 
and aVF in electrocardiograms recorded on 
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Figure Myocardial fibres surrounded by mature adipose tissue. Haematoxylin and 
eosin stain; original magnification, * 200. 


two occasions before his transfer to us. Such a 
deformed P wave pattern on an electrocar- 
diogram is often associated non-specifically 
with atrial enlargement and in our patient 
because there was no evidence of atrial 
enlargement it should perhaps have alerted us 
to the possibility of lipomatous hypertrophy 
of the interatrial septum. 

In 1982 the first report of lipomatous 
hypertrophy of the interatrial septum in a live 
patient appeared.’ This was diagnosed by 
computed axial tomographic scanning and the 
pattern of fat deposition was shown. The fat 
was distributed in a bilobed manner about the 
fossa ovalis, which itself was spared. The fatty 
nature of the lesion was apparent from the 
characteristic Hounsfield number. The 
cephalad mass of fat was continuous with the 
subepicardial adipose tissue. Isner et a/ went 
so far as to suggest that in an obese, elderly 
patient with supraventricular arrhythmias in 
whom the cause cannot be identified 
lipomatous hypertrophy of the interatrial sep- 
tum should be suspected. Had we suspected 
lipomatous hypertrophy of the interatrial sep- 
tum in our patient cross sectional echocar- 
diography would have given us a pre- 
operative diagnosis. Fyke er al suggested the 
following guidelines for making the diagnosis 
on echocardiography: (a) the characteristic 
bilobed appearance of the atrial septum when 
the beam is directed through the region of the 
fossa ovalis; (b) a thickness of 215 mm 
postero-superior or antero-inferior to the 
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valve of the fossa ovalis; (c) the absence of any 
other, more likely explanation for septal thick- 
ening.^ They also add that the presence of P 
wave abnormalities such as increased voltage 
and duration or notching supports the diag- 
nosis. Accumulation of septal fat where there 
is internodal atrial myocardium probably 
acccunts for the reported arrhythmias and P 
wave configuration." Applegate era/ also 
reported two patients with lipomatous hyper- 
trophy of the interatrial septum in whom 
magnetic resonance imaging was done. We 
know of only one patient in whom lipomatous 
hypertrophy of the interatrial septum was 
associated with multiple subcutaneous 
lipomas." On the other hand, cardiac lipomas, 
encapsulated masses of mature fat surrounded 
by myocardium, are known to be associated 
with berry aneurysms and tuberous sclerosis. 

Prior believes that the pathogenesis of 
lipomatous hypertrophy of the interatrial sep- 
tum: is related to the hypertrophy of normal 
fatty tissue present in the interatrial septum.’ 
McAllister and Fenoglio suggest that it is a 
hyperplasia of primordial fat. Neither 
propose a neoplastic process as the essential 
abnormality. 

Our patient will have to be closely followed 
up because the  infiltrative process in 
lipomatous hypertrophy of the interatrial sep- 
tum seems to be progressive and symptoms of 
obstructions may require excision of the 
lesion.’ 
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Left anterior fascicular block: an ischaemic 
response during treadmill testing 


Y Chandrashekhar, H C Kalita, I S Anand 


Abstract 

A patient in whom exercise induced 
reversible ischaemic left anterior fas- 
cicular block is reported. Glyceryl tri- 
nitrate relieved the fascicular block. 
Coronary angiography showed a 90% 
obstruction of the left anterior descend- 
ing artery. The left anterior fascicular 
block induced by exercise disappeared 
after a successful coronary angioplasty. 


Conduction disturbances during exercise test- 
ing are uncommon! ? and fascicular blocks are 
even more rare? Four cases of exercise 
induced, transient, isolated, left posterior fas- 
cicular block have been reported,* but only 
two cases of left anterior fascicular block have 
been described.? An association was reported 
between exercise induced left anterior fas- 
cicular block and significant disease of the left 
anterior descending coronary artery? We 
report a patient with reversible, isolated left 
anterior fascicular block caused by ischaemia 
induced by an exercise test. 


Case report 

A 47 year old man presented with a history of 
angina pectoris. No abnormalities were found 
on physical examination. The resting elec- 
trocardiogram and an  echocardiographic 
examination were normal. A graded exercise 
test was done (CASE II, Marquette, Mil- 
waukee). The patient completed 7-3 minutes 
of exercise, achieving 8 METS on a Bruce 
protocol. T'he test was terminated because of 
chest pain. Left anterior fascicular block 
developed at a heart rate of 114 beats/minute, 


4 minutes into exercise and reverted soon after. 


exercise stopped. This phenomenon was 
reproducible on three separate occasions. 
During the last test, sublingual glyceryl trin- 
itrate was given after the onset of left anterior 
fascicular block. The block was abolished 
within a minute while the patient kept exercis- 
ing and despite a heart rate of 137 beats/ 
minute (fig 1). Hyperventilation increased the 
heart rate to 120 beats/minute but left anterior 
fascicular block was not seen. Atropine (2 mg 
intravenously) also did not cause left anterior 
fascicular block even though the heart rate 
rose to 125 beats/minute. Coronary arterio- 
graphy showed single vessel disease with a 
90% stenosis of the luminal diameter of the 
left anterior descending artery (fig 2). Atrial 
pacing at rates well above those achieved dur- 
ing exercise did not reproduce the left anterior 


fascicular block. Percutaneous transluminal 
coronary angioplasty of the left anterior des- 
cending artery was successful (fig 2). A repeat 
exercise test with the same protocol two weeks 
later did not induce the left axis deviation 
despite a peak heart rate of 132 beats/minute. 
The test was stopped because of fatigue. 


Discussion 

Bundle branch block during exercise testing is 
infrequent. Wayne et al found exercise 
induced bundle branch block in 0:39% of 
stress tests done over a five year period; right 
bundle branch block was less common than 
left bundle branch block.' Left anterior fas- 
cicular block is the least common block 
induced by exercise: only two cases have been 
reported.’ In both cases a severe lesion of the 
left anterior descending coronary artery was 
reported. Very similar angiographic findings 
were seen in our patient. The onset of left 
anterior fascicular block occurred at low heart 
rates and the heart rates at the onset and end 
were similar and reproducible. Atrial pacing 
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Figure 1 Electrocardiograms from leads I, II, and ITI 
during an exercise test before (top) and after (bottom) 
angioplasty of the left anterior descending artery. Before 
angioplasty there was left axis deviation. STD, standing; 
HV, hyperventilation 
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Figure 2 Coronary 
angiogram of the left 
coronary artery in the 
cranial left anterior 
oblique projection before 
( A) and after (B) a 
successful angioplasty. 








at rates higher than those achieved at exercise 
did not induce left anterior fascicular block, 
which excluded a rate dependent phenom- 
enon.” Relief with glyceryl trinitrate and the 
fact that the block did not recur after angio- 
plasty suggest an ischaemic cause. 
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The prognosis of isolated left anterior fas- 
cicular block at rest is unclear, and that of 
exercise induced left anterior fascicular block 
is unknown. Persistent left anterior fascicular 
block is associated with diffuse His-Purkinjee 
disease." Experimentally, lesions limited to the 
left anterior fascicle were insufficient to 
induce changes in the surface electrocar- 
diogram.' Exerc:se tests are often abnormal in 
patients with isolated left anterior fascicular 
block, suggesting that this conduction abnor- 
mality might be associated with significant 
coronary artery disease." It is therefore likely 
that exercise induced left anterior fascicular 
block could be an early, reliable marker for 
diffuse involvement of the conduction system 
and important coronary artery disease of the 
left anterior descending coronary artery. 
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Prediction of outcome by prenatal Doppler 
analysis in a patient with aortic stenosis 


P-S Jouk, P Rambaud 


Abstract 

Stenosis of the aortic valve (pressure 
drop 50mm Hg) was diagnosed pre- 
natally by Doppler echocardiography in 
a 33 week old fetus. Measurement of 
time-velocity integrals through the tri- 
cuspid and mitral valves indicated a 
significantly higher flow in the right 
heart. The pressure drop across the 
aortic valve in the 3 hour old infant was 
80 mm Hg. The findings in this patient 
suggest that the usually accepted theory 
that prenatally the ventricles function in 
parallel should take into account the 
chronology of filling and ejection. In this 
patient the ability of a ventricle to gen- 
erate a prenatal transvalvar pressure 
gradient was evidence that the size, com- 
pliance, and contractility of the ventricle 
were sufficient to maintain good function. 


Aortic stenosis is infrequently diagnosed in 
utero. Most reports are of patients with 
critical aortic stenosis and poor ventricular 
dimensions or function or both." In such 
patients it was difficult prenatally to distin- 
guish between aortic stenosis and primary left 
ventricular myocardial disease or the hypo- 
plastic left heart syndrome and to decide on 
the best approach to perinatal management.* 


Methods 

Fetal echocardiographic studies were per- 
formed with a Hewlett-Packard 77020 
ultrasound scanner and a 5 MHz medium 
focus probe. Doppler ultrasonic intensities 
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Prenatal diagnosis of aortic valve stenosis in a fetus at 33 and 35 weeks’ 
gestation. Continuous wave Doppler examination shows a peak systolic velocity of 3:5 m/s 


corresponding to a gradient of 50 mm Hg. 


were limited to below the 100 mW /cm* spatial 
peak time average. After visualisation of the 
fetal heart by cross sectional imaging and 
identification of the best incident angle the 
continuous wave Doppler probe was used to 
obtain maximum velocity traces across the 
aortic valve. 


Case report 

A woman was referred to our laboratory at 32 
weeks’ gestation because of a unexplained late 
fetal death at 36 weeks during a previous 
pregnancy. The size of the fetus 
appropriate for the gestational age and the 
fetus was in sinus rhythm with a heart rate of 
130 beats/minute. There was no evidence of 
cardiac failure. The ventricular septum was 
thicker than normal for the gestational age 
(0-45 cm) (normal range 0:2-0:38"). Left ven- 
tricular function and dimensions were within 
the normal ranges. The maximal diameters of 
the tricuspid and mitral orifices 
estimated at 12 mm and 9 mm respectively 
Cross sectional echocardiography showed an 
unusual pulsatile dilatation in the ascending 
aorta on the anterior wall suggesting a post 
stenosis jet lesion. The aortic valve seemed 
thickened and was dome shaped in systole 
Because of the position of the fetus it was 
impossible to obtain a good Doppler examina- 
tion of the aortic valve. The mother 
therefore re-examined a week later. 

At 33 weeks’ gestation the fetus was in good 
position and the maximal transstenotic 
velocity was 3:5 m/s (fig 1) (corresponding to 
a mimimum gradient of about 50 mm Hg). No 
tricuspid or mitral insufficiency was detecta 
ble by colour flow Doppler. The fetus was 
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then examined every 2 weeks to monitor 
progress. 
At 35 weeks' gestation the transvalvar 


gradient was the same. However, time 
velocity integrals through the tricuspid and 
mitral valves were 8-36 cm and 4-92 cm res 
pectively (fig 2). This large difference bet 
ween the time-velocity integrals when there 
was only a moderate difference in tricuspid 
and mitral size indicated a significantly higher 
flow in the right heart and was predictive of a 
postnatal increase in gradient. At 38 weeks' 
gestation and after a normal labour, a male 
infant (2730 g) with a normal Apgar score was 
delivered. Examination 3 hours after delivery 
showed no signs of cardiac failure. A 3/6 
ejection systolic murmur was heard; it was 
maximal at the upper right sternal edge. Dop 
pler echocardiography showed that the min- 
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Figure 2 Evaluation of the flow in each ventricle in a 35 week old fetus. The time 
velocity integral across the mitral valve is 4-92 cm and that across the tricuspid valve is 


8:36 cm. 


imum gradient across the aortic valve was 
80mm Hg and  time-velocity integrals 
through the tricuspid and mitral valves were 
5:73 cm and 7:04 cm respectively. There was 
a left to right flow through the ductus 
arteriosus with a maximum velocity of 1:80 
m/s. Forty eight hours after birth tachycardia, 
sweating, and dyspnoea during feeding were 
noted. A new Doppler evaluation showed the 
same transstenotic gradient, a small reduction 
in time-velocity integrals across the tricuspid 
and mitral valves to 4-49 cm and 6:18 cm 
respectively, and an increase (to 6 mm) in the 
thickness of the interventricular septum dur- 
ing diastole. A transventricular valvotomy was 
performed with a 5 mm Hegar candle. The 
postoperative gradient was 50 mm Hg without 
valve insufficiency. At the age of one he was 
symptom free and growing normally. 


Discussion 

To our knowledge this is the first reported 
measurement of a significant transvalvar pres- 
sure drop across a stenosed semilunar valve in 
a fetus. It also shows that such a drop is 
possible. This suggests that the accepted 
theory that ventricles function in parallel 
prenatally may be too simplistic. From this 
model it follows that when a stenosis is 
present in one element of the circuit the flow 
decreases proportionately so that no pressure 
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drop is generated. Because the flow is pul- 
satile rather than continuous, the systolic and 
diastolic phases should be considered 
separately. During the diastolic phase the 
preload is the same for the right and left 
ventricles if the flow across the foramen ovale 
is unrestricted, as is usually the case.°’ Dif- 
ferential ventricular diastolic filling mainly 
depends on the dimensions and compliance of 
each ventricle. This diastolic filling becomes a 
major determinant, along with myocardial 
contractility, of the systolic ejection volume. 
In the fetus during the systolic phase the 
afterload is essentially the same for both ven- 
tricles. Therefore, the gradient would be 
determined by the systolic ejection volume 
and the stenotic surface area. 

This model, which takes into account the 
chronology of filling and ejection, is more 
realist:c and explains the possibility of a con- 
siderable transvalvar pressure gradient in a 
fetus with an intact ventricular septum. In 
addition, to generate a pressure drop across 
the semilunar valve the dimensions, com- 
pliance, and contractility of the ventricle must 
be adequate. In our patient the transvalvar 
pressure gradient of 50 mm Hg was paradox- 
ically a favourable prognostic factor; this 
accorded with the evidence of good left ven- 
tricular function detected during echocar- 
diographic examination of the fetus—that is 
normal ventricular cavity dimensions and 
ejection fraction. But measurement of the 
transvalvar gradient alone is not sufficient to 
predict the condition in the neonate. This 
requires evaluation of the flow across the 
stenotic valve and of the differential flow in 
each ventricle. 
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Indications for cardiac transplantation 


Peter M Schofield 


The prognosis of patients with end stage car- 
diac failure is poor. It can be improved by 
medical treatment, for example by adding 
vasodilators! or angiotensin converting 
enzyme inhibitors’ to diuretic treatment. 
None the less, the survival rate at 12 months 
in a group treated with enalapril was only 
53%. At Papworth Hospital the cumulative 
survival rate for patients treated with “triple” 
immunosuppressive therapy (cyclosporin, 
azathioprine, and prednisolone) after cardiac 
transplantation was about 90% at 1 year and 
80% at 3 years, which is similar to the 
experience world wide.’ Clearly, the quality of 
life as well as its duration must be considered. 
This has been shown to be substantially 
improved by cardiac transplantation, which 
has a good cost/benefit ratio.’ 

The major causes of mortality in the first 
year after transplantation are acute graft rejec- 
tion and uncontrolled infection. After the first 
year, coronary occlusive disease is the com- 
monest cause of mortality. Advanced 
occlusive disease, which tends to be diffuse 
and affects the proximal and distal coronary 
arteries, may lead to a repeat transplantation 
being considered. 

Cardiac transplantation will continue to be 
restricted by the limited supply of donor 
organs. In 1988, around 2500 cardiac 
transplants were performed in almost 250 
international centres; this was only a small 
proportion of the total population of patients 
with end stage cardiac failure. 

How should we decide which patients 
should receive the available organs? On the 
basis of clinical findings and the results of 
non-invasive and invasive investigations it is 
usually obvious which patients are severely 
disabled by left or right ventricular failure or 
both. The first question is: "is it likely that 
this patient would return to normal or near- 
normal activities if their heart was replaced?" 
Clearly, the procedure is not appropriate if 
the patient has severe coexisting cerebrovas- 
cular disease, peripheral vascular disease, pul- 
monary disease, or renal disease. In some 
patients, however, combined organ trans- 
plantation may be the preferred option—for 
example, heart and kidney or heart and liver. 
Patients accepted for cardiac transplantation 
should be well motivated and able to cope 
with immunosuppressive treatment after 
operation and also the inconvenience of 
repeated endomyocardial biopsy, particularly 
in the early postoperative period. 

In many transplant centres the upper age 


limit for the recipient is between 55 years 
60 years. Biological age as well as chm 
ological age should be considered. The ag 

range for recipients of cardiac transplants 
world wide is 1 day to 78 years and in our unit 
it is 6 to 63 years.’ At Papworth Hospital the 
age limit is around 55 years for the patients 
with coronary artery disease and around 60 
years for those with dilated cardiomyopathy 














This is because in the early postoperative 
period vascular complications, particularly 





cerebrovascular events and gastrointestinal 
ischaemia, are more common in the more 
elderly patients with coronary artery disease. 
Most of our patients undergoing cardiac 
transplantation had heart failure refractory to 





medical treatment associated with either 
coronary artery disease (53%) or dilated 
cardiomyopathy (4494). This resembles 


experience world wide—43% and 49% res- 
pectively.? The timing of cardiac transplanta- 
tion may be difficult in some patients. The 
symptoms of cardiac decompensation in 
patients with coronary artery disease usually 
remain stable, unless there is an event causing 
further myocardial damage, and sudden death 
is a continuing risk. In contrast, the condition 
of those with dilated cardiomyopathy can 
deteriorate quite rapidly, or in some cases 
improve, making their assessment for cardiac 
transplantation and the timing of surgery even 
more difficult. Therefore, careful and 
frequent follow up is required for each 
patient. The remaining group of patients 
undergoing transplantation—in our series, 
3% of the total population—inchides those 
with other types of cardiomyopathy 
example, hypertrophic or restrictiv 
stage valve disease, severe angina caused 
coronary artery disease that is not amenable to 
revascularisation, and patients with verm- 
tricular tachycardia that is refractory to other 
forms of treatment. Occasionally, therefore, it 
may be appropriate to give a cardiac trans- 
plant to a patient who is severely limited by 
angina rather than by the symptoms of cardiac 
failure—if they are unsuitable for coronary 
angioplasty or bypass surgery. Patients with 
ventricular tachycardia that is refractory to 
drug treatment, many of whom have con- 
siderable left ventricular dysfunction, are an 
interesting group. Transplantation should be 
considered in those who are severely restricted 
by symptoms of cardiac failure. Por those 
with life threatening tachycardia but no car- 
diac failure the relative cost/benefit of 
implantable cardioverter-defibrillators and 
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cardiac transplantation could be established in 
a randomised, controlled trial. 

In our experience about 6% of patients 
referred with a view to cardiac transplantation 
are suitable for “conventional”? cardiac sur- 
gery. This is usually either left ventricular 
aneurysmectomy or mitral valve surgery, with 
or without myocardial revascularisation. 
Clearly, cardiac catheterisation will establish 
the cause of heart failure and will determine 
whether any conventional treatment would be 
of benefit. A fixed, raised pulmonary vascular 
resistance in excess of 5-6 Wood units that 
does not fall when the oxygen saturation is 
increased is an absolute contraindication to 
orthotopic cardiac transplantation. The pres- 
sure drop across the pulmonary vascular bed 
(mean pulmonary artery pressure minus mean 
left atrial pressure) is a useful measurement, 
particularly if the data on cardiac output are 
unreliable; and at Papworth Hospital we 
believe that a value of more than 15 mm Hg 
should preclude orthotopic transplantation. In 
patients with raised pulmonary vascular resis- 
tance who undergo transplantation, acute 
right ventricular failure commonly occurs in 
the early postoperative period.^^ Clearly, pul- 
monary vascular resistance can change so 
every 4-6 months we reassess patients await- 
ing assessment for transplantation or awaiting 
surgery, particularly those in whom resistance 
is at the upper end of the accepted range. 

Heart-lung transplantation may have to be 
considered in patients who have a fixed, raised 
pulmonary vascular resistance. An alternative 
is the “domino” procedure in which the heart 
from a heart-lung recipient (for example who 
has primary pulmonary hypertension or cystic 
fibrosis), which has a pre-stressed right ven- 
tricle, is used. In theory, such hearts may be 
suitable donor organs for the group of patients 
with a raised pulmonary vascular resistance, 
though experience is too limited to make 
definitive conclusions. 

Most recipients and donors of cardiac trans- 
plants are male. In our unit 89% of recipients 
and 74% of donors are male (83% and 70% 
world wide respectively). The donor and 
recipient are matched for blood group and 
size. 'The risk of postoperative complications 
is higher in grafts from female donors.* This is 
partly because female recipients, a high 


Schofield 


proportion of whom receive grafts from 
female donors, are more likely to suffer fatal 
rejection. In addition, the risk of graft loss 
from coronary occlusive disease is higher in 
female donor grafts in male recipients. 

The use of mechanical circulatory support 
devices as a “bridge” to cardiac transplanta- 
tion has increased. While the results of sur- 
gery in this group continue to improve, they 
generally have not been as good as in patients 
who do not require mechanical support 
preoperatively; so this is probably not the best 
use of available donor organs. Similarly, the 
results of repeat cardiac transplantation are 
not as good as those for the first operation. We 
often face a conflict between the needs of an 
individual patient and the overall best use of 
available organs. 

There is no doubt that cardiac transplanta- 
tion is a highly effective treatment for many 
patients with end-stage cardiac failure. The 
gap between the demand for transplantation 
and the supply of organ donors is likely to 
increase. We must make the best use of the 
organs available and aim to have as many 
donor organs as possible functioning 5 or 10 
years after transplantation. We must work 
towards preventing the occurrence of advan- 
ced coronary occlusive disease several years 
after cardiac transplantation because this too 
will increase the demand for donor organs. 
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Ammi visnaga (L.) Lam. Bettfreund C. Flora Argentina. 1901: plate 155. 


Amiodarone, nifedipine, 
sodium cromoglycate 


Ammi visnaga is a herbaceous Mediterranean 
plant belonging to the family Umbelliferae, 
named after umbra a shadow or shade. The 
binomial name is from antiquity and has no 
special meaning while in Egypt the plant is 
called khella. When dried the stout flower 
stalks were used as toothpicks hence the early 
French name, herbe aux curedents". 

People living on the Nile delta often had 
renal stones because urinary schistosomiasis 
was common. For many centuries khella, 
which is common in the delta, was known to 
relieve renal colic. The seeds (fruits) contain 
the active principle khellin—first extracted in 





1879 and identified at Cairo University in 1932 
as a chromone. Khellin works by relaxing the 
smooth muscle of the ureter. 

It was, however, a chance observation in 
1945 by G V Anrep, a pupil of both Pavlov and 
Starling, that led to the development from 
khellin of modern drugs for asthma and heart 
disease. Anrep was Professor of Pharmacology 
in Cairo and his technician who had ere 
angina got renal colic and treated himself with 
khella. When the man returned to work Anrep 
perceptively noticed that he no longer had 
angina and this stimulated him to investigate 
the effect of khellin on the heart. Using the 
heart-lung preparation Anrep measured the 
coronary blood flow in dogs and showed that 
khellin was an effective and selective coronary 
vasodilator. Then he did a clinical tria! in 
patients with angina which gave favourable 
results. His seminal paper reporting these 
findings was published in the British Heart 
Journal (1946;:8:171—7.) 

This stimulated research elsewhere; and in 
Belgium the work of R Charlier and ] Brock- 
huysen, who prepared hundreds of compounds 
with emphasis on the benzofurane portion of 
khellin, led in 1961 to the synthesis of 
amiodarone. The name is derived from am, to 
indicate the presence of an amine function; iod, 
for the iodine moiety; and arose from ben- 
ziodarone, an earlier drug in the ketonic ben- 
zofurane group. 

F Bossert, working for the Bayer company, 
decided to use khellin as the starting point for 
his endeavour to find a coronary vasodilator 
that worked intravenously as well as orally. 
After 16 years’ work he found a promising 
dihydropyridine compound and two vears and 
2000 derivatives later he and Vater produced 
nifedipine. In Britain Anrep's work catalvsed 
research for a new bronchodilator and sodium 
cromoglycate, Intal, resulted from the work of 
an asthmatic doctor, Roger Altounyan, who did 
all the experiments on himself. Paradoxicaily 
its unique mode of action is to prevent the 
release of mediators of bronchoconstriction 
and not by bronchodilatation. 

Several species of Umbelliferae contain 
fumocoumarins that are photosensitisers and 
greatly enhance the action on the skin of 
ultraviolet radiation. An important one is 
present in Ammi majus L. called ami by Galen 
and known in Egypt as regi el ghorab. It i 
psoralen called methoxsalen and when given 
orally with long wavelength (ultraviolet A) 
radiation it constitutes PUVA therapy. This 
has achieved considerable success in treating 
psoriasis (long known to improve with 
light) and also vitiligo, and is useful in mycosis 
fungoides. Some umbellifers such as Paszimaca 
sativa (wild parsnip) are notorious for pro- 
ducing severe contact dermatitis in sunlight, 
which reminds one of the photosensitivity of 
amiodarone. As a genus Amyn must be unsur- 
passed as a source of important medicines. 
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The British Cardiac Society is moving, but 
not far. Number 7 St Andrew's Place has 
been our home for five years. It is convenient 
for the college, and the proximity has become 
increasingly appreciated as we have made 
joint cause to resist inappropriate changes in 
numbers and programmes for our trainees. 
But the premises became too small, a problem 
that has been exacerbated by the increasing 
activities of the society. We have been offered 
and accepted space that is contiguous at the 
top of numbers 1 and 2 in the same attractive 
regency terrace. This change will give us 
about twice as much room. Health conscious 
cardiologists will be spared the corrupting 
temptation of a lift and can continue to 
combine business with the pleasure of exer- 
cise as they visit the new offices. We will be 
able to hold council and other important 
meetings on our own premises instead of 
accepting the kind hospitality of the college 
whenever we have gatherings of more than 
five or six people. We will change our address 
sometime in January. Our telephone and fax 
numbers remain the same. 

Members of the society understand that we 
must become more active if we are to play an 
appropriate role in these times of change and 
challenge. Most of the new work can best be 
undertaken by committees. Already four have 
been set up (data management, training and 
manpower, publications and journals, and 
audit) and a fifth is being created (tech- 
nicians). We will meet the immediate objec- 
tives for our reorganisation with the addition 
of two more that have now been approved by 
council. A medical practice committee will be 
concerned primarily with guiding members 
on matters of good medical practice. We have 
already been asked by members to provide 
advice on whether certain management 
policies that have aroused some controversy 
could be supported if they were to be chal- 
lenged in this litigious age. We should be able 
to provide a consensus view that will carry 
weight, and thereby a measure of protection. 
Sometimes the committee could take the 
initiative and offer advice if difficulties can be 
foreseen. We also envisage the possibility that 
the committee could coordinate clinical 
research under the aegis of the society, par- 
ticularly of a nature that may not bring 
support from grant giving bodies or the 
pharmaceutical industry. Kim Fox will be 
chairman, and he will be supported by Julian, 
Hubner, Cobbe, Camm, and the President. 

The second new committee will operate in 
a more sensitive area. We hope that members 
will appreciate the need for an Ethical and 
Legal Committee, and will support its aims. 
We believe on the one hand that the profes- 
sion has an obligation to help patients obtain a 


fair outcome in any claims relating to treat- 
ment, and on the other that colleagues should 
be protected against mischievous claims sup- 
ported by spurious or ill advised medical 
evidence. Lawyers often find difficulty in 
obtaining objective help from experienced 
and respected members of our specialty. As a 
result they sometimes turn to those whose 
knowledge may not be relevant to the matter 
in question, and rarely may even be driven to 
seeking help from the tiny minority whose 
motives may not be based purely on justice. 
The committee will encourage members of 
the society to allow their names to be sent to 
the Law Society as a panel that would be 
available to give advice on matters within 
their areas of competence. The scheme has 
not been finalised and more discussions and 
more advice are needed before we have firm 
proposals. Members of the panel could avoid 
the inappropriate fear of opprobrium from 
their colleagues because all will be aware of 
the society's endorsement of their tasks. None 
of us feels comfortable in this role, and no 
doubt service on the panel would be for a 
limited period only. This proposition has 
been discussed previously, but was shelved 
on the advice of the General Medical Council 
which sought clarification on some matters of 
detail. We now have approval from the coun- 
cil subject only to caveats that we would in 
any case wish to follow. The Chairman of the 
Council's Standards Committee “. . . is of the 
opinion that no exception could be taken on 
ethical ground to the sending of a list of senior 
cardiologists, prepared to undertake medico- 
legal work, to the Law Society, or indeed to 
the Bar Council or to individual barristers or 
firms of solicitors .. . your society will take 
steps to ensure that the list contained only the 
names of doctors who were fully qualified to 
undertake this kind of work, and . . . that no 
list should be presented in such a way as to 
imply exclusivity ...”. The full text of the 
letter can be obtained from the society's 
office. Initially the committee will comprise 
Keith. Fox (chairman), Kim Fox, Michael 
Petch, Raphael Balcon, Stewart Hunter, and 
Roger Hall together with the President. This 
group will prepare detailed proposals for 
endorsement by the society. The Royal 
College of Obstetricians and Gynaecologists 
announced a similar scheme a few months 
ago. Though the Cardiac Society may have 
been the first to discuss this development we 
will not now be the first to implement it. 
This is not quite all. Cardiologists in 
Britain have tended not to espouse the cause 
of so-called prevention. We cannot then com- 
plain if the arena is left to those in other 
disciplines who may seem less critical of 
strategies than we would wish to be. Perhaps 
the name itself has been a disincentive 
because it suggests an aim that seems to us 
unrealistic. We will take a more active 
interest. The council have approved the crea- 
tion of an epidemiology and risk reduction 
advisory group to be chaired by David Wood, 
joined by Hugh Tunstall-Pedoe, Michael 
Scott, and the President. More names may be 
added later. Finally, council warmly endor- 
sed a request from the new British Paediatric 
Cardiac Group to be affiliated to the British 
Cardiac Society. This is the fifth affiliated 
group and it joins those for pacing and 
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electrophysiology, interventionalist car- 
diology, nuclear cardiology, and echocar- 
diography. The officers are Hunter 
(president), Tynan (vice president), Qureshi 
(secretary), and Anderson (treasurer), with 
Deanfield, Sethia, Keeton, and Duff as com- 
mittee members. 

We have much more to write but we have 
used our allotted space. No doubt you will 
await eagerly the February newsletter which 
will contain more news and views that you 
will not want to miss. 


DOUGLAS CHAMBERLAIN 
President, British Cardiac Society 
PAUL OLDERSHAW 
Secretary, British Cardiac Society, 
7 St Andrew's Place, 

London NW 4LB 





NOTICES 





British Cardiac Society 

The Annual Meeting will take place at the 
Scottish Exhibition Centre, Glasgow, on 30 
April to 3 May 1991. The closing date for 
receipt of abstracts was 10 December 1990, 


Training of paramedic ambulance staff 
A one day Seminar for Trainers and Potential 
Trainers of Paramedic Ambulance staff will 
be held by the College of Anaesthetists in the 
Royal College of Surgeons on 7 February 
1991. The subjects to be covered are multi- 
disciplinary and include the present situation, 
candidate selection, the syllabus, problems 
and logistics, medico-legal aspects, audit, and 
relationships with general and hospital prac- 
titioners. Registration fee to include coffee, 
lunch, and tea—£20. Applications to Mr 
Stanley Alan, College of Anaesthetists at the 
Royal College of Surgeons, Lincoln's Inn 
Fields, London WC2A 3PN. 


Arrhythmias and valvular heart dis- 
eases 

A meeting of the European Society of Car- 
diology Working Group on Valvular Heart 
Diseases entitled “Arrhythmias and Valvular 
Heart Diseases" will be held in Namur on 24 
and 25 May 1991. For information write to 
Professor R Krémer, Meeting ESC, Arrhyth- 
mias and Valvular Diseases, University Hos- 
pital de Mont-Godinne, B-5530 Yvoir, 
Belgium. 


Echocardiography and Doppler in car- 
diac surgery 

The Fourth International Symposium on 
Echocardiography and Doppler in Cardiac 
Surgery will take place in Innsbruck on 27 to 
29 May 1991. Further information from Dr G 
Maurer or Dr W Mohl, c/o Interconvention, 
A-1450 Vienna, Austria. 


E 
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' Please make a 


photocopy of this 
checklist, complete, 
and send with 

all manuscripts 
submatted for 
publication. 


General 


Three complete sets of the manuscript (with 3 sets of figures) are submitted (this also applies to 
amended versions). 





The manuscript is typed double spaced throughout on one side only on A4 opaque white bond 
paper with wide margins all around. 





The manuscript is arranged as follows: (1) title page, (2) abstract, (3) text, (4) references, 
(5) legends, (6) tables. Pages are numbered consecutively, beginning with the title page as page 1. 








The last name of the first author is typed at the top right corner of each page. 





A covering letter is signed by all authors stating that they have seen and approved the paper 
and that the work has not been, and will not be, published elsewhere. 


O IOIO |O 1/0 





Title page 
The title and authors’ names are typed on the title page. 


Case reports have only three authors. [] 














The address(es) of the institutions from which the work originated with the authors? names are 
listed underneath. (If there is more than one address several authors’ names can be grouped 
under each appropriate address; strict order of authors! names is not necessary here.) Ll 





The full name, exact postal address with postal code, and telephone number of the author to 
whom communications and proofs should be sent are typed at the bottom, and the editorial 
office must be told of any subsequent changes of address. tj 





Abstract 
An abstract is typed double spaced on a separate page. g 


The abstract is organised according to the framework described on page 1 of the January 1991 
issue. In exceptional cases this may not be necessary—for example, case reports. O 


Abbreviations other than standard SI units of measurement are not used. I] 





Text 
Appropriate headings and subheadings are provided. g 


Every reference, figure, and table is cited in the text in numerical order. (Order of mention in 
text determines the number given to each.) LJ 











Acknowledgments and details of support in the form of grants, equipment, or drugs are typed 
at the end of the text, before references. 





References 
References are identified in the text by arabic numerals; no more than three references are cited 
for any one statement. 





References are typed double spaced on sheets separate from the text (numbered consecutively in 
the order in which they are mentioned in the text) in the Vancouver style. 








J ournal references contain inclusive page numbers; book references contain specific page 
numbers. 








Personal communications, manuscripts in preparation, and other unpublished data are not cited 
in the reference list but are mentioned in the text in parentheses. 





E 
[] 
Li 
Citations of abstracts and letters should be indicated in parentheses. Li 
L1 
O 


Abbreviations of journals conform to those used in Index Medicus, US National Library of 
Medicine. The style and punctuation of the references follow the format illustrated in the 
following examples: 
Journal: (list all authors if six or less; otherwise list first three and add et al; do not use full 
stops after authors’ initials) 
31 Balcon R, Brooks N, Layton C. Correlation of heart rate/ST slope and coronary 
angiographic findings. Br Heart J 1984;52:304-8. 
Chapter in book: 
28 Schiebler GL, Van Mierop LHS, Krovetz LJ. Diseases of the tricuspid valve. In: Moss 
AJ, Adams F, eds. Heart disease tn infants, children and adolescents. Baltimore: Williams 
and Wilkins, 1968:134—9. 
Book (personal author or authors) : (all book references should have specific page numbers) 
36 Feigenbaum H. Echocardiography. 3rd ed. Philadelphia: Lea and Febiger, 1981:549—63. 
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Figure legends 

Figure legends are typed double spaced on sheets separate from the text, and figure numbers | 
compen? with the order in which figures. are presented in the text. [3] 
An abbreviations appearing on die BEES are :idedfied at the bend: of Fak legend. E 





Written permission from the “publisher and author to Sen rOducca any i previoutiy publidiód 























figures is included. Ci 
Figures 

Three sets of unmounted glossy prints (not originals) of each photograph and drawing are 
submitted in three separate envelopes. Li 
Figures, Tanit half tones and electrocardiographic tracings, have been submitted with the 
following guidelines in mind: the detail on the figure is sufficiently clear to withstand reduction 
and special features are designated by arrows. LH 
Black ink is used for all line drawings. Decimals, lines: etc must be strong enongl for 
reproducnon: [i] 
The first author’s last name, na SURE d and d "top" are iidicated on a the t back cof cad 
illustration in OBERE black penes preferably on a summed label. G 
Figure title and d:caption material appear in the legend not on the figure. [1 
Figures are «iced to ihe anbe necessary for clarity and do not duplicate data given in the 
tables or text. (Estimates for colour work will be provided on acceptance of the manuscript for 
publcanon: Some of the cost of colour w panang will be charged to the ie thone D G 





Tables 
Tables are typed double spaced on separate sheets with the table number and title above the 
table and explanatory notes below. The table numbers are arabic and correspond with the order 








in which the tables are presented in the text. C] 
A footnote to each table identifying all abbreviation idis given in alphabetical order. |. B 
ibs ites aide dera eae Nene .— D 
Written permission: once vublisher ud audioX s to d oepisdüce day previously pubeahed "e 





is included. D 





Ethical standards 
'The PSP one with the Declaration of Helsinki. m 


T he research protüócol. has been n by the locally appointed ethics committee id the 


informed consent of the pani dora their parenti) has been obtained. Lj] 
Measurements and abbreviations 


Measurements are gren in SI units. EJ 


Abbreviations or acronyms are pud written out in full 1 (for bai: ECG, dlear doean 
LVH, left ventricular E peraobnm CAD, coronary artery disease, MI, myocardial infarction). | ) 





Only units of measurement and mathematical formulas and calculations are abbreviated and they 
follow the form recommended in Uniform Requirements for Manuscripts Submitted to Biomedical 
Journals S PEE Heart J 1984551: He Li 





Statistics 

If the same variable is measured by two different methods the agreement between the methods 
has been assessed according to the guidelines published in the British Heart Journal 

(1988;60: 177-80). 








Papers that do not adhere to these instructions will be setutsied for revision before 
assessment. 
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Mechanism of shock associated with right 


ventricular infarction 


J E Creamer, J D Edwards, P Nightingale 


Abstract 

Various mechanisms have been pro- 
posed to explain the shock sometimes 
associated with right ventricular infarc- 
tion, but only small numbers of patients 


- with clinical shock have been studied. 


The haemodynamic profiles of seven 
patients with clinical cardiogenic shock 
after right ventricular myocardial infar- 
ction were studied prospectively. They 
were selected because all had a stable 
cardiac rhythm and none had absolute 
hypovolaemia during the study period. 
In all of them the mean right atrial pres- 
sure exceeded the pulmonary artery 
occlusion pressure. After treatment with 


varying combinations of dopamine, 
dobutamine, and glyceryl trinitrate 
(titrated to achieve the optimum 


haemodynamic response) the mean sys- 
temic arterial pressure increased, as did 
the cardiac index. There was an asso- 
ciated increase in the left ventricular 
stroke work index but the right ventri- 
cular stroke work index was unchanged. 
There was no significant change in 
heart rate, mean right atrial pressure, or 
pulmonary artery occlusion pressure. 
This suggests that the probable mechan- 
ism of the shock associated with right 
ventricular infarction is concomitant 
severe left ventricular dysfunction. 


Necropsy studies reported in 1948 showed 
that the right ventricle was often affected in 
patients with myocardial mfarction,'? but the 
clinical syndrome of right ventricular dys- 
function associated with inferior myocardial 
infarction was not fully described until 1974? 
It correlated with extensive involvement of 
the right ventricle. Subsequently it became 
apparent that right ventricular 1nfarction may 
be associated with a range of haemodynamic 
states.*? 

The frequency of shock associated with 
right ventricular infarction may be under- 
estimated? but this subgroup of patients with 
cardiogenic shock has been shown to have a 
better prognosis and has therefore attracted 
specific attention.’® 

Several mechanisms of shock in right ven- 
tricular infarction have been proposed but 
their importance has been difficult to assess 
because this 1s an unstable condition that 
requires urgent treatment and does not always 
allow the rigid: application of investigative 
protocols. Arrhythmias are common in right 


ventricular infarction and, when present, 
make an obvious contribution to the develop- 
ment of shock.’ Inappropriate administration 
of diuretic or vasodilator drugs can also pre- 
cipitate shock.?! Mechanical complications 
such as rupture of the ventricular septum or 
free wall and acute mitral regurgitation can 
produce shock whereas the contributions of 
tricuspid regurgitation and septal dysfunction 
are unclear. Hypoxia, by inducing pulmonary 
hypertension, is probably a significant factor 
in most patients. In other patients, though 
right ventricular dysfunction is regarded as a 
major cause, particularly in the context of left 
ventricular filling," the main debate has been 
over the contributions of hypovolaemia and 
concomitant left ventricular dysfunction.” 

There have been many studies of right 
ventricular infarction but there are few sys- 
tematic studies of right ventricular infarction 
with shock. To define the mechanism of shock 
associated with right ventricular infarction we 
examined the haemodynamic profiles of a 
specific subgroup of patients both before and 
after successful resuscitation. 


Patients and methods 

We prospectively studied seven patients (four 
men; mean age 62, range 46 to 74 years) (table) 
who fulfilled the clinical criteria for cardiogenic 
shock after transmural inferior myocardial 
infarction that persisted despite controlled 
volume replacement where appropriate. 

Shock was defined as hypotension (cuff 
systolic blood pressure « 80 mm Hg) with 
signs of hypoperfusion (disturbance of con- 
scious level and oliguria with < 20 ml urine per 
hour), and a cardiac index of < 1 8 l/min/m?.? 
Right ventricular infarction was diagnosed on 
the basis of electrocardiographic features of 
acute inferior transmural infarction and asso- 
ciated increases in serum concentrations of 
creatine kinase and aspartate transaminase, 
raised jugular venous pressure with paradox, 
and the absence of clinical and radiological 
evidence of pulmonary oedema. In all cases 
invasive monitoring showed raised right atrial 
pressure that exceeded the pulmonary .artery 
occlusion pressure; there was a steep ‘y’ descent 
in the right atrial pressure waveform and an 
early diastolic “‘dip” in the right ventricular 
pressure trace. During the study period 15 
patients with shock and right ventricular infar- 
ction, as orginally described, were managed on 
this unit. The patients reported here were 
chosen because they had no change in cardiac 
rhythm between measurements; none had any 
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Cluucal data on patients 
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Maximum 
`> concentranon (U/l) 
Previous Other ee Inotrope 

Case Sex Age infarct diseases Drugs CK AST IPPV  . Arrhythma — (uglkghmn) Outcome 
1 M 71 — — — 3257 358 = CHB DA 125 S 

2 M 48 — — — 4962 500 + — DB 427 S 

3 M 46 Anterior CABG GTN 3144 295 + — DB 135 S 

4 F 74 — Previous AF — 2885 319 * AF,VT CHB DA 40 S 

5 F 72 — Hypertension, angina meDOPA, 476 221 + ,AF DA 60 Died 

nifedipine 
6 M 59 — Intermittent — 1697 264 t VE DA 80 S 
claudication 
7 F 62 Anteroseptal — — 5280 850 T AF, CHB VF DA 202 S 





AF, atrial fibrillanon, AST, aspartate aminotransferase, CABG, coronary artery bypass grafting, CHB, 3rd degree atrioventricular block; CK, creatine kinase; DA, 
dopamine, DB, dobutamine, GTN, glyceryl trinitrate, IPPV, intermittent positive pressure venulanon, Max, maximum, meDOPA, methyldopa, Min, minimum, 
S, survivor, VF, ventricular fibrillation, VT, ventricular tachycardia E 
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Figure 1 Heart rate 
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and after reversal of shock. 
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blood pressure (mean 


(1 SD) before and after 
reversal of shock. 


evidence of mechanical complications from 
their 1nfarction or pre-existing respiratory dis- 
ease. No patient had been treated with 
diuretics, vasodilators, thrombolytic drugs, fj 
adrenergic blocking agents, or other negatively 
ingtropic agents immediately before the onset 
of shock. There was no change in mode of 
ventilation during the study. 

The time from onset of myocardial infarction 
to the onset of shock ranged from four to 104 
(mean 41) hours. 


HAEMODYNAMIC MEASUREMENTS 

All patients had pulmonary artery balloon 
flotation catheters and femoral arterial cath- 
eters inserted by one of us to monitor treatment 
and to measure intravascular pressures (7000 
series bedside monitors, Marquette Elec- 
tronics, Milwaukee, Wisconsin). We measured 
right atrial pressure, pulmonary artery 
occlusion pressure, and mean arterial pressure. 
Cardiac output was measured by a standard 
thermodilution method with a cooled injectate 
(« 10°C). Stroke volume index, systemic vas- 
cular resistance, left ventricular stroke work 
index, and right ventricular stroke work index 
were calculated from standard formulas. 


MANAGEMENT PROTOCOL 

The patients were managed according to a 
protocol that was agreed before the study. 
Priority was given to the correction of hypoxia 
(for which six patients needed mechanical 
ventilation), pacing for complete heart block 
(four patients), and DC countershock (two 
patients with ventricular fibrillation and one 
with ventricular tachycardia) Pulmonary and 
femoral arterial catheters were inserted as soon 
as possible and modified fluid gelatin or 
glyceryl trinitrate was infused, where neces- 
Sary, to produce an optimum pulmonary artery 
occlusion pressure of 16 to 18 mm Hg.'*" For 
the purpose of this study a full set of haemo- 
dynamic measurements was made at this stage 
and no further fluid load was given. At this 
point all patients had persistent clinical and 
haemodynamic features of shock, as defined 
above, and required additional inotropic sup- 
port. They were treated with intravenous 
infusions of either dopamine or dobutamine. 
Initial doses of dopamine were 2 5 ug/kg/min, 
and dobutamine 5 ug/kg/min; these were ad- 
Justed according to frequent measurements of 


cardiac output to give a cardiac index approa- 
ching 2:2 l/min/m?," mixed venous oxygen 
saturation of 26095, and reversal of the clinical 
features of shock as previously described.'* 
When these goals had been achieved the 
haemodynamic measurements were repeated. 

Haemodynamic variables before and after 
treatment were compared by Student's t test 
for paired samples, supplemented by the Wil- 
coxon signed rank test where the distributions 
were in doubt (left ventricular stroke work 
index, systemic vascular resistance). 


Results 

Figures 1—4 show the initial haemodynamic 
measurements and those after reversal of 
shock. There was no significant change in heart 
rate when shock was reversed but there were 
significant increases in mean arterial pressure, 
stroke volume index, and cardiac index. 

There was no significant change in mean 
systemic vascular resistance, which was 897 
(340) dyn.s.cm™ before treatment and 1052 
(186): dyn.s.cm^ after treatment. Figure 5 
shows tbe change in left and right ventricular 
stroke work index associated with reversal of 
shock and its relation to the preload of the 
respective ventricle. There was no significant 
change in right atrial pressure (21 (2) mm Hg 
before and 23 (3) mm Hg after treatment) or 
pulmonary artery occlusion pressure (17 (4) 
mm Hg before and 19 (3) mm Hg after treat- 
ment). Left ventricular stroke work index 
increased significantly on reversal of shock 
whereas right ventricular stroke work index 
was unchanged. 


Discussion 

Studies of right ventricular infarction are com- 
mon whereas those of shock are scarce.? ? All 
the patients we studied had shock after right 
ventricular infarction, which was diagnosed on 
the basis of the electrocardiographic changes of 
inferior infarction and the clinical and haemo- 
dynamic signs of right ventricular dysfunction 
in addition to those of shock. The use of 
radionuclide or contrast angiographic studies 
to confirm the diagnosis was not feasible or 
appropriate in the initial unstable phase of 
shock during which the studies were perfor- 
med, but echocardiography was used to ex- 
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- mm Hg.” Of the 19 patients studied, however, 


Figure 5 Relation of 

stroke work index to filling 

pressure (mean (1 SD)). 
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clude mechanical complications of infarction. 
Previous reports using such methods for the 
diagnosis of right ventricular infarction con- 
centrated on less ill patients, though occasional 


. patients with shock were inchided.?! The small 


number of patients in the present study was 


unavoidable because of the entry criteria and 
. the difficulty in controlling a study protocol in. 
„unstable and critically ill patients. The study 


was performed before the introduction of 
routine thrombolytic treatment. 
* Because áll the, patients had a stable iii 


rhythm during the study period, the contribu- 
tion. of arrhythmia tó the shock state ‘was. 
‘minimised. Similarly, the potential vasocon-. 
strictive effects of hypoxaemia on the pul-. 
,monary vascular bed were. minimised by- 
. prompt correction of hypoxia, by mechanical 


ventilation, where necessary, before any other 


. treatment. At the time of the study it was not 


possible to -assess specifically, the . potential 


"influence of acute secondary tricuspid.regur- | 
 gitation or of paradoxical septal motion or right 


ventricular dilatation in producing shock; but 
the lack of improvement in right ventricular 


function when shock was reversed suggests that.. 
these factors are Muse to- have contributed T 
significantly. : 


-Hypovolaemia in acute right PMen D 


infarction cam be absolute if there have been 
excessive fluid losses because of sweating, 
vomiting, or the. inappropriate use 


Allen et al, relying on central venous pressure 


monitoring, found relative hypovolaemia in.. 
-20% of patients with cardiogenic shock after 


myocardial, infarction and improved their 


. clinical state by the infusion of up to 300 ml of 
: crystalloid hourly." Others have sought to 
improve cardiac performance i in acute myocar- ' 


dial infarction by fluid volume expansion con- 


trolled by measurement of the left ventricular ' 


filling pressure. Russell et al suggested that the 
optimum left.ventricular end diastolic or pul- 
monary .artery;disastolic pressure was 20-24 


i 






-|Aftertraatment `` 


^" | Before treatment; -RV 
pe A After treatment 
; Before restart AA 
Us 77 05.7 2 - 25 


< Filling pressure (mmHg) ^ o 7 


in patients with inferior infarctions.” 


65 


only three were hypotensive. Five patients had 


no improvement in stroke index with increas- 
ing. filling pressure, four of these had overt 
heart failure, and four of this group died. The 
"optimum" filing pressure was therefore 
defined for the patients with less severe left 
ventricular. dysfunction but was not clear for 
this latter group and therefore its application to 
patients with shock could be considered in- 
appropriate. 

Crexells et al measured pulmonary artery 
occlusion pressure in 23 patients with myocar- 
dial infarction (12 with pulmonary congestion 
and five with cardiogenic shock) and found the 
optimum to be 14-18 mm Hg." The cardiac 
index and stroke work index could be improved 
by fluid volume expansion only when the initial 
pressure was «14 mm Hg. They also found 
that right ventricular function was improved 
by increased right atrial pressure but only for 
increases of up to 6-8 mm Hg. The anatomical 
site of infarction was not specified in this study. 
A recent study of volume loading and glyceryl 
trinitrate administration in right ventricular 
infarction suggested that the optimal filling 


.pressure of the right ventricle was 10 to 14 


mm Hg.? Above this value right ventricular 
stroke work index declined. In patients with 
shock after right ventricular infarction the right 
ventricular filling pressure is almost invariably 


. higher than this. 
of | 
- diuretics." "° It may also be relative because the 
- optimal left. ventricular filling pressure is 
*- higher than normal during acute infarction. 


In occasional patients with right ventricular 
infarction and shock, fluid volume expansion 
alone restored normal systemic perfusion. This 
is a rare effect in patients who have not 
previously received diuretics.* Because of the 
design of the present study achieving an opti- 


‘mum left ventricular filling pressure alone was 


insufficient to reverse the haernodynamic and 
clinical features of shock, and in all cases 
additional inotropic support was required. 

` The role of right ventricular dysfunction in 
the production of shock was suggested in early 
reports of right ventricular infarction. This was 


based on the assumption that any associated left 


ventricular dysfunction was modest because 
pulmonary artery occlusion pressures were low 
and the condition apparently responded well to 


. .administration of fluid. It has been suggested 
. that the reduced pump function of the right 


ventricle may impair left ventricular filling.” ? 
A study of prognosis of postinfarction ven- 
tricular septal rupture found a higher mortality 
Shock 
was more common in patients with inferior 


“infarctions and it correlated with mortality; 


from this it was suggested that right ventricular 
dysfunction was responsible. Indirect methods 
were used to assess the function of each ventri- 
cle, however, and the role of right ventricular 


. dysfunction in the production of shock was not 
` established. 


In right ventricular infarction, if pulmonary 


-".artefial hypertension is not present because of 


hypoxia,. there is a. progressive pressure 


. gradient from right atrium through right ven- 
. tricle and pulmonary arteries to pulmonary 
- veins and left atrium that allows passive blood 


flow.!??” Furthermore, the pressure waveforms 


. in right :atrium, ventricle, and pulmonary 


- artery are often indistinguishable in acute right 
ventricular infarction (which may require 
fluoroscopy to position the pulmonary arterial 
catheter) suggesting that passive flow may 
indeed occur. In the present study the reversal 
of clinical shock with improvement in cardiac 
output and with increases in left ventricular 
stroke work index strongly suggest that re- 
versal of shock was brought about by 
improvement in left ventricular function and 
that the shock was primarily related to this 
dysfunction. 

In this clinical study of patients in cardio- 
genic shock we were unable to study the causes 
of this left ventricular dysfunction but we can 
postulate possible mechanisms. Firstly, as 
originally shown in necropsy studies, isolated 
right ventricular infarction occurs in only 2- 
4% of cases.!? There is almost always con- 
comitant disease of the left coronary artery with 
varying degrees of left ventricular infarction. 
This leads to loss of contracting myocardium 
and to a reduction in left ventricular com- 
pliance. In response to shock the systemic 
vasculature responds by vasoconstriction. This 
increased afterload might further lower stroke 
volume. In the presence of a grossly raised right 
atrial pressure caused by right ventricular 
infarction the formula for calculation of sys- 
temic vascular resistance may underestimate 
the true level of peripheral vascular tone. Right 
ventricular dilatation may further reduce left 
ventricular compliance through the constrain- 
ing influence of the pericardium. This may be 
worsened by overenthusiastic and possibly ill 
advised use of fluid infusion. Hypoxia may 
extend the degree of ischaemic damage to the 
left ventricle and is a frequent finding in shock 
caused by right ventricular infarction, even in 
the absence of pulmonary oedema.’ Hypoxia 
will increase peripheral vascular tone and 
further depress left ventricular function by 
increasing the afterload. 

The improvements in left ventricular perfor- 
mance that were brought about by the use of 
inotropes in the current study may have been 
because conditions for their use were optimised 
by correction of hypoxia, rational use of volume 
loading or nitrates to produce an optimal 
preload, and careful titration of the dosage 
guided by constant clinical and haemodynamic 
evaluation. 

In the present study, reversal of shock was 
achieved without any increase in right ven- 
tricular stroke work index. This suggests that 
right ventricular dysfunction was not primarily 
responsible for the state of shock. 

Animal experiments showed that complete 
ablation of the right ventricle had little demon- 
strable effect on resting venous or arterial 
pressure; however, volume loading was not 
used in the early studies.” ” These experiments 
usually involved removal of the restraining 
influence of the pericardium. 

Without additional cardiovascular stress 
extensive replacement of right ventricular 
myocardium by fibrous and adipose tissue in 
the rare Uhl’s anomaly can be consistent.with 
adequate haemodynamic function, and it has 
been suggested that the pulmonary blood flow 
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can be maintained by right atrial contraction.” 

Some support for our hypothesis comes from 
a close examination of the results of a previous 
study of patients in shock. Gewirtz et al com- 
pared the initial haemodynamic profiles of 
patients with inferior myocardial infarction 
who had cardiogenic shock with those without 
shock.” The shock patients were divided into 
those with and those without right ventricular 
dysfunction. Though right ventricular stroke 
work index was reduced in those with right 
ventricular dysfunction, the presence of shock 
was associated with a considerable reduction in 
left ventricular stroke work index in both 
groups. This showed that left ventricular dys- 
function may be more extensive than had been 
thought. Plasma volume expansion to produce 
an optimum pulmonary artery occlusion pres- 
sure did not improve the overall cardiac index 
in three of the six patients with shock and right 
ventricular dysfunction, all of whom died. 
Three patients survived but two required 
intra-aortic balloon counterpulsation. The role 
of reversal of left ventricular dysfunction was 
not formally documented in Gewirtz et als 
study. 

In the current study we confirmed the con- 
siderable reduction of left as well as right 
ventricular stroke work indices, but we also 
showed that reversal of shock was accompanied 
by an increase in left ventricular stroke work 
index while right ventricular stroke work index 
remained unchanged, which suggests that the 
left ventricular dysfunction was responsible for 
the shock. In practice, the need to achieve and 
maintain an optimal left ventricular filling 
pressure should not be underestimated, but in 
those patients whose shock is not due to 
diuretics or vasodilators volume expansion 
should be controlled for the reasons described 
above. 
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Desirability of immediate surgical standby for 


coronary angioplasty 


Richard D Levy, David H Bennett, Nicholas H Brooks 


Abstract 

Objective—To assess the value of 
emergency surgical standby for per- 
cutaneous transluminal coronary angio- 
plasty. 

Design—Retrospective review of the 
major complications of coronary angio- 
plasty in a regional cardiac centre. 

Setting—All angioplasties were per- 
formed in the cardiac catheterisation 
laboratory of Wythenshawe Hospital 
with surgical standby in an adjoining 
operating theatre. 

Patients—1262 vessels were dilated in 
1032 patients (mean age 53 years) bet- 
ween 1984 and 1989. 

Main outcome measures—In-hospital 
mortality from emergency surgical 
revascularisation after angioplasty; the 
rate of myocardial infarction and overall 
morbidity. 

Results—Coronary angioplasty ach- 
ieved primary success in 90% of cases. 
Thirty eight (3-7%) patients (five women 
(mean age 55:8) and 33 men (mean age 
53-0)) were referred for urgent surgical 
revascularisation—36 direct to operation 
and two within 24 hours. All patients 
survived surgery. Five of the 38 had had 
a previous angioplasty to the same vessel 
and one had had previous coronary 
artery grafts. Four of the 38 had an 
angioplasty for unstable angina. Eight- 
een had single, 13 double, and seven tri- 
ple vessel coronary artery disease. The 
target vessel was the left anterior des- 
cending in 25, right coronary artery in 
nine, circumflex in three, and the left 
anterior descending and  circumflex 
coronary arteries in one. Five required 
external cardiac massage on the way to 
the operating theatre; two of them had a 
left main stem occlusion. Four internal 
mammary artery and 60 reversed 
saphenous vein grafts were implanted 
(1-6 per patient). Complete revascular- 
isation was achieved in 36 (947%) 
patients. Q wave myocardial infarction 
occurred in six (15:894). The final out- 
come was: none dead, three patients with 
angina, one late death, one cerebrovas- 
cular accident, one late operation for a 
new left anterior descending lesion, two 
patients on diuretics with or without 
an angiotensin converting enzyme 
inhibitor. One orthotopic transplant was 
performed in a patient in whom car- 
diogenic shock developed after the left 


anterior descending coronary artery 
became occluded 72 hours after angio- 
plasty. 

Conclusion—There was no surgical 
mortality and low morbidity among 
patients for whom immediate surgical 
cover was requested. 


The level of surgical cover required for coron- 
ary angioplasty is widely debated and ranges 
from a recommendation for full standby to the 
need only for facilities at a remote site. It is 
our practice to have a team on standby in an 
adjoining operating theatre. 

Emergency coronary artery bypass surgery 
for failed angioplasty is required primarily for 
acute coronary closure in a patient who is a 
candidate for operation. A report of the 
American College of Cardiology/American 
Heart Association Task Force stated that an 
experienced cardiovascular surgical team 
should be available within the institution for 
emergency surgery for all procedures.? This is 
also the view of the Society of Cardiothoracic 
Surgeons of Great Britain and Ireland and the 
International Society and Federation of Car- 
diology.’ The results of a recent British study 
suggest that surgical standby at a different site 
may allow coronary angioplasty to be carried 
out on “selected” patients." 


Patients and methods 

All patients undergoing coronary angioplasty 
at Wythenshawe Hospital between 1984 and 
1989 were included in this retrospective 
study. Angioplasty (1262 vessels in 1032 
patients (mean age 53 years)) was performed 
in one of two cardiac  catheterisation 
laboratories that are adjacent to three operat- 
ing theatres. All patients were given 300 mg 
aspirin before the angioplasty, unless this was 
contraindicated, and 10 000 units of heparin 
at the start of the procedure followed by 2000 
units per hour.’ Surgical standby was reques- 
ted for all patients except those who would 
not benefit from surgery if a major complica- 
tion of angioplasty occurred such as those 
undergoing "salvage" angioplasty. “Salvage” 
angioplasty was performed in patients with 
severe angina in whom surgery was deemed 
inappropriate because of one, or more usually 
a combination, of the following factors: 
advanced left ventricular dysfunction, distal 
vessel disease rendering the patient inopera- 
ble, advanced age, coincidental medical ill- 
ness, and previous coronary artery surgery. 


Desirability of immediate surgical standby for coronary angioplasty 


To avoid delays in the cardiac surgical 
programme, the angioplasty was started as a 
patient 1n the operating theatre was coming 
off cardiopulmonary bypass. Patients were 
referred for emergency surgery when there 
was occlusion of a major coronary artery 
accompanied by myocardial ischaemia which 
could not be relieved by additional dilatation 
attempts. Perfusion catheters were used when 
deemed appropriate. Routine operations were 
postponed only when a patient was referred 
for emergency coronary artery bypass surgery. 
In cases of extreme urgency, the surgical team 
is prepared to operate in the cardiac catheter- 
isation laboratory. Thus these arrangements 
result in minumal disruption of the cardiac 


surgical programme. 


Results 

The primary angioplasty success rate was 90% 
with a clinical restenosis rate of 21%. Thirty- 
eight (3 7%) patients (five women (mean age 
55-8) and 33 men (mean age 530)) were 
referred for urgent surgical revascularisation 
after occlusion of a major coronary artery 
during coronary angioplasty. Thirty six were 
operated upon immediately and the remaining 
two within 24 hours. Five patients required 
external cardiac massage until the sternotomy 
was performed; two of them had a vessel 
occlusion extending to the left main stem. The 
haemodynamic consequences of myocardial 
-ischaemia were such that three of the five 
patients requiring cardiac massage were revas- 
cularised , in the cardiac catheterisation 


- laboratory. All 38 patients survived operation. 


Five of the patients who had emergency 
coronary: artery bypass grafts had had a 
previous angioplasty to the same vessel arid one 
had had previous coronary artery grafts. Four 
of the 38 had angioplasty for unstable angina. 
Eighteen- had single, 13 double, and seven 
triple vessel coronary artery disease. The vessel 
damaged: at angioplasty was the left anterior 
descending in 25 (17 dissections and eight 
occlusions), right coronary artery in nine (six 
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dissections and three occlusions), circumflex in 
three (two occlusions and one with hindsight 
was probably due to an air embolism), and left 
anterior descending and circumflex arteries in 
one. Four internal mammary artery grafts and 
60 reversed saphenous vein grafts were implan- 
ted (1:6 per patient). Complete revascularisa- 
tion was achieved in 36 (94-794) patients. We 
do not know the precise interval to revascular- 
isation, but because of the proximity and 
availability of the surgical team the operation 
started within 30 minutes of the decision hav- 
ing been made. 'The operation was performed 
on the fibrillating heart in nine patients and 
cardioplegia was used in 29. The mean aortic 
cross clamping time was 33 minutes. Nine 
(23 6%) needed inotropic support for weaning 
from cardiopulmonary bypass and no patient 
required an intra-aortic balloon. Q wave 
myocardial infarction with a rise in cardiac 
enzymes occurred 1n six (15 8%) patients. One 
orthotopic transplant was performed in a 
patient in whom cardiogenic shock with an 
occluded left anterior descending coronary 
artery developed 72 hours after angioplasty 
when ‘the operating theatre was no longer 
available. 

The final outcome was: no deaths; three 
patients with angina (grade 1—2), one late death, 
one cerebrovascular accident, one late opera- 
ton for a new left anterior descending lesion, 
two patients on diuretics and an angiotensin 
converting enzyme inhibitor for heart failure 
(New York Heart Association classes II and 
HI). 

A further five patients died without referral 
for surgery (0-48%): two had undergone a 
salvage angioplasty for inoperable coronary 
artery disease, one had a cerebrovascular 
accıdent three hours after the angioplasty, and 
two died suddenly (six hours and 48 hours) 
after angioplasty because of occlusion (table 1). 


Discussion 
In 1979, Gruentzig et al reported that of their 
first 50 patients undergoing coronary angio- 


Table 1 Details of patients not referred for emergency surgery who died after coronary angioplasty 


Age 
68 


7i 


65 


Sex 


M 


Death 
July 1986 


Dec 1987 


Jan 1989 


Feb.1989 


Feb 1989 


Angioplasty and outcome 


Left anterior descending—good result; 
asystole 6 h later on cardiac care 


History Angiographic details 

Unstable angina one week after Good left ventricular function, inferior 

inferior myocardial infarction hypokinests, occluded right coronary 
artery, left anterior descending and 
circumflex arteries severely diseased 
proximally 

Unstable angina Left. ventricular eyection fracnon 15%, 


Unstable angina 


Unstable angina one week after 
infenor myocardial infarcnon 


Stable angina - 


inferior akinesis, left anterior descending 
and circumflex arteries heavily diseased, 
subtotal right coro occlusion with 
collaterals from the left coronary artery 


Good left ventricular function, minor 
inferior hypokinesis, left coronary artery 
normal with collaterals to an occluded 
right coronary 


Left ventricular ejection fraction 25%, 
inferior akinesis, occluded right coronary 
artery with collaterals from a patent left 
anterior descending, subtotal circumflex 
occlusion 


Good left ventricular function, occluded 
right coronary artery, subtotal circumflex 
disease, severe disease of proxumal left 
anterior descending artery 


Left anterior descending and circumflex 
arteries, occlusion of left anterior 
descending artery, failure to resuscitate 


Right coronary artery, some clot in 
artery, remained on heparin, died 
suddenly 48 hours later, occluded right 
coronary artery 


Circumflex artery; vessel occluded with 
considerable hypotension, resuscitation 
failed 


Left anterior descending artery, occluded 
vessel cleared by intracoronary 
streptokinase, massive cerebrovascular 
bleed 3 h later 
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Table 2. In-hospital results af emergency coronary 
percutaneous transluminal coronary angioplasty (PTCA) 


Levy, Bennett, Brooks 


artery bypass graft (CABG) surgery after failed elective 





Total number of Emergency CABG Q wave myocardial 

PTCAs (%) arction Deaths (96) 
Current report 1032 38 G7) 6 Ko 0 
Atkins and Block* 125: ^ 11 (88) 1 (91 0 
Cowley et al’ 3079 202 (6 6) 52 (25 7) 13 (64) 
Golding et al” 1831 81 (44) 37 (46) 2 (25 
Kallen et al” 3000 115 (38) 50 (43 5) 13(113) 
Pellener et al? 265 j 35 (13 2) 3 (86 0 
Reul et al? 518 70 (13 5) 8(11 4) 4 (57) 
‘Talley et al NA 202 ` 54 (2T) 5 (25) 
Bredee et aj? 4142 155 (37) 62 (40) 4 26 


NA, not available. 


plasty, seven (14%) required emergency sur- 
gical revascularisation.' Since then, several 
large series have emphasised the role of 
immediate surgery for major complications of 
angioplasty. Table 2 shows the in-hospital 
results of these studies.*"? The results of our 
study are: comparable, with a 3-8% rate for 
emergency surgery and no surgical mortality; 
15-8% of patients undergoing emergency sur- 
gery developed Q wave myocardial infarctions, 
but none required postoperative intra-aortic 
balloon pumping.” It has been suggested that 
modern techniques including perfusion cath- 
eters, atherectomy, lasers, stents, intra-aortic 
balloon pumping, femoro-femoro bypass, and 
other temporary bypass support may permit 
stabilisation of patients with acute ischaemia 
before elective transfer to the theatre." While 
these techniques may be successful in some 
patients, experience is limited. Perfusion cath- 
eters are ineffective if there is cardiac arrest and 
the perfusion pressure is low. Intra-aortic 
balloon pumping can only be used to support 
the circulation and could not have improved 
myocardial perfusion in our patients with left 
main stem occlusion. We believe that insertion 
of a balloon pump serves only to delay the one 
measure likely to save the patient's life. 

A smaller series from Belfast has been repor- 
ted in which only off site surgical facilities were 
available to cover angioplasty complications.* 
Twelve of 444 patients required urgent surgical 
revascularisation and none of the patients died. 
The mean time to surgical revascularisation 
was 268 minutes. The principal cause for delay 
was the wait for an operating theatre to become 
available and not the transfer time between 
hospitals. The potential benefit for patients 
who were revascularised more than four hours 
after the coronary occlusion, and the incidence 
of myocardial infarction and morbidity were 
not discussed. Another recent series reported a 
40% incidence of myocardial infarction in 
those undergoing emergency surgery after 
angioplasty with a minimum time to revas- 
cularisation on site of 73 minutes." Our five 
patients who required external cardiac massage 
could not have survived had immediate surgery 
not been available. The events that required 
surgery were unpredictable such as a thrombus 
in the left main stem and dissection. The 
patients who required external cardiac massage 
were not identified at being at a higher risk 
before angioplasty. We believe that the 
immediate availability of surgery for most cases 
of coronary angioplasty was largely responsible 


for the lack of surgical mortality and low 
morbidity in our series. 

There is concern that disruption of the 
routine surgical programme by provision of 
cover for coronary angioplasty might result in 
more deaths on the surgical waiting list. Our 
arrangements, however, resulted in the post- 
ponement of 38 routine operations out of a total 
of 5200 operations performed between 1984-9. 

It has been suggested that coronary angio- 
plasty with off site surgical back up makes the 
best of the facilities we have,'* whereas another 
view proposes that the cardiologist rather than 
the sick patient should travel to the surgical 
centre to perform coronary angioplasty.'? The 
underprovision of cardiac surgical facilities in 
the United Kingdom gives rise to the claim that 
the risks of coronary angioplasty covered by a 
distant surgical team are outweighed by the 
benefits of a shorter time on the waiting list 
than would be possible if angioplasty could be 
undertaken only in a surgical centre.” While we 
acknowledge the force of this argument, we 
believe that expediency should not be confused 
with ideal practice. 


We thank the cardiac surgeons (Mr C S Campbell, Mr A K 
Deiraniya, Mr M Jones, Mr R A M Lawson, Mr H Moussalli, 
and Mr A N Rahman) and anaesthetists (Dr P Conroy, Dr P J 
Hall, Dr M R Patrick, Dr G Phillips, Dr W A Thomas, Dr MA 
Tobias) for their support. 
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Ryania angustifolia (Turcz.) Monach. 


Ryanodine 


Ryanodine is a pseudo-alkaloid that is found in 
Ryania angustifolia (Flacourtiaceae) and other 
species of Ryana. It has proved valuable in the 
study of the calcium release channel of the 
sarcoplasmic reticulum which it blocks in a 
dose related manner. Such studies showed that 
the sarcoplasmic reticulum is a major intra- 
cellular calcium store and that it provides most 
of the energy for cell excitation. 

The genus Ryania is named after John Ryan, 
an eighteenth century physician and Fellow of 
the Royal Society, and its species are small trees 
in tropical Central and South America. The 
roots are poisonous and are used to kill rats and 
alligators, to rid clothing and hair of lice, and 
even for euthanasia of the elderly by a nomadic 
Amazonian tribe. Ryanodine was first isolated 
from Ryania speciosa at the Merck Research 
Laboratories 1n 1948 during a survey of plant 
materials for new insecticides. 

The family Flacourtiaceae contains a Bur- 
mese tree Hydnocarpus kurzu whose fruit 
yields Chaulmoogra oil which was the only 
effective treatment for leprosy before modern 
antibacterial drugs. The genus Idesta contains 
salicin, and other genera are used as arrow 
poisons 
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Gradation of unstable angina based on a sensitive 
immunoassay for serum creatine kinase MB 


Hans Erik Betker, Jan Ravkilde, Peter Segaard, Poul Jergen Jergensen, Mogens Herder, 


- Kristian Thygesen 


Abstract 

A newly developed, highly sensitive 
immunoassay for creatine kinase MB 
isoenzyme was evaluated in 68 patients 
with or without different types of 
ischaemic heart disease. Patients were 


classified on the basis of clinical criteria - 


in four groups: no ischaemic heart dis- 
ease, stable angina, unstable angina, and 
acute myocardial infarction. Enzyme 
concentration in patients with. stable 
angina was the same (even during exer- 
cise) as seen in the patients without 
ischaemic heart disease. Patients with 
unstable angina, however, 
divided into two groups. One group 
Showed clear evidence of severe myocar- 
dial ischaemia- by serial changes and 
higher mean values of. creatine kinase 
MB up to 40 hours after the onset of 
symptoms, whereas in the remainder 
values were stable and resembled those 
seen in the patients without ischaemic 
heart disease. The changes in concentra- 
tion correlated with signs of repetitive 
ischaemic episodes deduced from con- 
tinuous ST segment monitoring during 
the first 24 hours after admission. These 
findings indicate that patients with un- 
stable angina are a heterogenous group. 
In some, severe and prolonged ischaemia 
can be detected by a serological assay 
with high sensitivity. 


Ischaemic heart disease is expressed clinically 
as stable chronic angina and the acute 
ischaemic syndromes of unstable angina, acute 
myocardial infarction, and sudden ischaemic 
death. Sound clinical .and pathological. evi- 


dence indicates dn underlying pathogenesis of- 


chronic static lesions or an acute and evolving 
process superimposed on atherosclerosis." * 
The mechanism that leads to acute ischaemia 
1s uncertain. Thrombosis is a major factor,'* 
but progression of atherosclerosis and coro- 
nary spasm may also be important.*? These 
conditions can cause myocardial ischaemia, 
which in cases of myocardial infarction results 
in cell death and tissue necrosis. In unstable 
angina, a dynamic stenosis can also cause 
unpredictable episodes of ischaemia. Such 
attacks of repeated ischaemia are not detect- 
able by conventional methods such as 
electrocardiography and immunochemical, 
chromatographic, or electrophoretic assays for 
serum creatine kinase isoenzymes, but some 
studies suggest that they cause a slight release 


of enzymes.°” 


could be. 


We evaluated a newly developed, highly 
sensitive immunoassay for the creatine kinase 
isoenzyme MB in patients with ischaemic 
heart disease, with a view to classifying their 
disease on the basis of biochemical evidence of 
slight myocardial damage. 


Patients and methods 

PATIENTS 

The study population consisted of 68 patients 
Civided into four groups: 23 patients without 
ischaemic heart disease (group 1); 10 patients 
with stable angina pectoris (group 2); 21 
patients wizh unstable angina (group 3); and 
i4 patients- with acute myocardial infarction 
(group 4). The patients without ischaemic 
heart disease and patients with stable angina 
attended our outpatient clinic. Patients with 
stable angina were taking antianginal agents 
(long acting nitrates, calcium antagonists, or fj 
blockers, or a combination of these drugs). 
Patients with unstable angina and acute myo- 
cardial infarction were recruited after admis- 
sion to the coronary care unit within 12 hours 
of the development of retrosternal pain at rest. 
The mean time from onset of chest pain was 
4h l0 min (range 55 min-10 h 30 min) in 
patients with unstable angina and. 3 h 35 min 
(range 1 h-10 h 30 min) in patients with acute 
myocardial infarction. 

Eight (38 196) of the 21 patients with'un- 
stable angina had not previously had symp- 
toms of ischaemic heart disease. Thirteen 
patients (61:995) had well established 
ischaemic heart  disease—chronic stable 
angina in 12 (57-196) and/or previous myo- 
cardial infarction in nine (42-976). Among 
these, five patients were treated with nitrates, 


‘one with a f blocker agent, three with calcium 


antagonists, and two with a combination of p 
blockers and calcium antagonists. 

Six (46:296) of the patients with acute 
myocardial infarction had previously ‘had 
symptoms of ischaemic heart disease: five: -had 
had chronic stable angina and four an eatlier 
myocardial infarct. One patient was treated 
with nitrates, two patients with calcium 
antagonists, and two patients with f blockers. 

Patients admitted to hospital with unstable 
angina and acute myocardial infarction were 
treated with bed rest and control of cardiac 
pain by nitrates, morphine, and oxygen. No 
patient had haemodynamic disturbances or 
arrhythmias that required medical treatment. 
During the period of blood sampling aspirin 
treatment was started in all patients. Four 
patients with acute myocardial infarction 
started taking diltiazem and five others were 
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treated with intravenous glyceryl trinitrate. 
All the patients with unstable angina were 
treated with diltiazem and seven were given 
intravenous glyceryl trinitrate. A maximum of 
480 ml of glyceryl trinitrate was infused in 24 
hours. Treatment did not influence the inter- 
pretation of the analytical results because in 
each patient the concentration of serum 
albumin remained constant within the study 
period. 

Informed consent was obtained from each 
patient and the study was approved by the 
regional scientific ethics committee. 


DIAGNOSTIC CRITERIA 

Group 1 (no ischaemia) comprised patients 
without a history of chest pain and without 
electrocardiographic signs of ischaemia both 
at rest and during exercise. Patients in group 2 
(stable angina) had typical attacks of chest 
pain provoked by physical exertion or psy- 
chological factors that were relieved by 
glyceryl trinitrate. The diagnosis was con- 
firmed by.a positive exercise test during 
which chest pain was provoked along with at 
least 0 1 mV ST depression. Unstable angina 
(group 3) was diagnosed on the basis of chest 
pain at rest or brought on by minimal exertion 
and/or an entirely new pattern of chest pain in 
patients previously classified as having 


-chronic angina. ST depression or T wave 


inversion were not obligatory; none had signs 
of myocardial infarction. Conventional serum 
creatine kinase B residual-activity (that is after 
removal of MM and part of MB) was within 
normal range («12 U/l) throughout the 
period of measurement. The diagnosis of 
acute myocardial infarction was based on the 
criteria of the World Health Organisation’— 
that is, characteristic chest pain, unequivocal 
signs of infarction in the electrocardiogram, 
and a characteristic increase in enzyme 
activity of serum creatine kinase B and lactate 
dehydrogenase. 


PROCEDURE 

After informed consent was obtained, long 
acting antianginal medication was stopped a 
week before the study in the patients with 
stable angina. The patients without ischaemic 
disease and with stable angina were exercised 
on bicycles—until exhaustion in patients 
without ischaemia and until both pain and ST 
depression of at least 0-1 mV occurred in 
patients with stable angina. Blood samples 
were drawn before and every 3-6 hours up to 
24 hours after exercise. Blood samples were 
drawn from patients with acute myocardial 
infarction and unstable angina on admission 
and every 3—6 hours during the first 24 hours 
and then every eight hours up to 72 hours. 


BLOOD SAMPLING 

Samples were drawn into tubes without anti- 
coagulant through a catheter permanently 
placed in an antecubital vein. The samples 
were stored at +4 C for 15 minutes and then 
centrifuged at 3000 g for 10 minutes. The 
serum was stored at —21 C until analysis. 
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After thawing the serum was again centri- 
fuged to remove any precipitate. 


ANALYTICAL METHODS 

'The creatine kinase (EC 2.7.3.2) isoenzyme 
MB was measured by a newly developed and 
specially designed highly sensitive enzyme 
labelled immunosorbent assay (NovoClone 
CK-MB, Novo Biolabs, Cambridge, United 
Kingdom). Serum samples were simulta- 
neously incubated with CK-B-specific anti- 
bodies attached to the polystyrene surface of 
the wells in a microtitration plate and with 
CK-M-specific antibodies conjugated with 
peroxidase. After one hour's incubation the 
microtitration plate was washed to remove 
non-adherent components and the remaining 
peroxidase activity was measured by an end 
point assay with orthophenyl diamine as the 
substrate. The incubation time was 
15 minutes and the absorbance was read 
on an Archimedes plate reader (Novo, 
Copenhagen). We established a calibration 
curve using samples with concentrations of 1- 
30 ugjl. All controls, calibration samples, and 
clinical samples were analysed in quad- 
ruplicate and the figures averaged to minimise 
variability. Specimens containing more than 
30 ug of creatine kinase MB per litre were 
reassayed by the same assay with a wider 
range of detectability. 

In a previous study of 315 outpatients (132 
men and 183 women) without myocardial dis- 
eases the reference interval was 0-6 ug/l. The 
overall median of the log gaussian distribution 
was 1:91 ug/l (2 03 ug/l for men and 1 79 ug/l 
for women). Total and within assay coefficient 
of variance was less than 695 at the upper 
reference limit. The detection limit was 0 1 
ug/1.? 

The serum concentration of the creatine 
kinase B subunit was measured by an homo- 
geneous enzyme immunoassay after inhibition 
of creatine kinase M-subunit activity." 
Correction for residual adenylate kinase was 
done before we calculated the enzyme concen- 
trations. For a creatine kinase B-subunit 
activity of 20 U/l the coefficient of variance 
was 595. 


HOLTER MONITORING 

The ST segment was monitored in patients 
admitted to the coronary care unit with angina 
at rest. Recordings were taken from an 
anterior lead (CM5) and an inferior lead on 
magnetic tapes (Tracker recorder, Reynolds 
Medical, England). Tapes from patients with 
unstable angina were analysed for ST segment 
changes at Reynolds Medical by computer. 
Significant ST segment depression was 
defined as a horizontal or downward sloping 
ST segment shift of > 0-1 mV 0-08 s after the 
J point that persisted for more than 1 minute. 


STATISTICAL ANALYSIS 

We used Student's t test to analyse the sig- 
nificance of difference between means and the 
F statistic for the significance between the 
variances. We used Fisher's exact test to 
measure the significance of association be- 
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Figure 1 Serum creatine 
kinase MB concentration 
(mean (SEM) ) in four 
patient groups measured at 
three hour intervals in the 
first 24 hours after exercise 
(no ischaemic heart disease 
{ A ) and stable angina 

(Y )) and at 3-8 hour 
intervals in the 72 hours 
from onset of chest pain 
(unstable angina ( & ) and 
acute myocardial 
mfarction (W)). 
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tween serum enzyme fluctuation and Holter 
analysis. p Values of <0-05 were regarded as 


significant. 


Results 

PATTERNS OF CREATINE KINASE MB 

Figure 1 shows the mean values of serum 
creatine kinase MB concentration every three 
hours during the first 24 hours after exercise in 
the patients without ischaemic disease and in 
those with stable angina and during the first 72 
hours after the onset of chest pain in patients 
with unstable angina or acute myocardial in- 
farction. Because there was no difference 
between the mean concentrations of serum 
creatine kinase MB in patients without 
ischaemic heart disease and patients with stable 
angina we considered groups | and 2 together. 
The patients (group 3) with unstable angina 
had a higher mean concentration than this 
combination group from 3-6 hours to 21-24 
hours (p < 0-05). Patients with acute myo- 
cardial infarction had significantly higher 
creatine kinase MB concentration than those 
with unstable angina from 3—6 hours to 64-72 
hours (p < 0-01). 

To determine whether enzyme release 
occurs during exercise, serum concentrations 
of creatine kinase MB were measured before, 
immediately after, and one hour after an exer- 
cise test in patients without ischaemic heart 
disease and patients with stable angina. These 
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Figure 2... Tume course of serum creatme kinase MB concentration 1n 21 patients with 
unstable angina measured at 3-8 hour intervals for 72 hours after onset of chest pain. 
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Figure 3 Serum creatine kinase MB concentration 
(mean (SEM)) in UA (—) (CO) and UA (+) (@) 
patients measured every 3—8 hours m the 72 hours after 
the onset of chest pain compared with mean concentration 
tmn the combined groups of patients without ischaermc heart 
disease or unth stable angina (@ ) and patients with acute 
myocardial infarction ( Wi). 

concentrations resembled those measured 3—24 
hours after exercise. 


VARIABILITY OF SERUM CREATINE KINASE MB 
There was considerable variation in the 
patients with acute myocardial infarction and 
in eight (38%) of the patients with unstable 
angina (fig 2). In the group with unstable 
angina 13 (62%) patients had almost constant 
values (p « 0-01). The time course of changing 
enzyme concentrations in seven of the eight 
patients with enzyme fluctuation was similar to 
the curves obtained from patients with acute 
myocardial infarction. One patient had à dif- 
ferent time course because the serum concen- 
tration of creatine kinase MB increased some- 
what throughout the period of investigation. 
'This patient had prolonged periods of chest 
pain, but did otherwise not differ from tbe 
others. 

In figure 3 the mean concentrations of serum 
creatine kinase MB in the eight patients with 
unstable angina and enzyme changes UA(+) 
and the 13 patients with unstable angina and no 
enzyme changes UA(—) are compared with 
concentrations in the combined group (no 
ischaemic heart disease + stable angina) and 
the group with acute myocardial infarction. 
The UA(+) group had significantly higher 
mean values than the combined group in the 
interval from 3—6 hours to 32-40 hours (p < 
0-05). The UA (—) group did not differ from 
the combined group. The UAP (+) group had 
a creatine kinase MB concentration curve that 
resembled that of the patients with acute myo- 
cardial infarction but the concentration was 
significantly lower in the interval from 3-6 
hours to 32-40 hours (p « 0-05). There was an 
earlier peak of serum creatine kinase MB in the 
UA (4-) group than in the patients with acute 
myocardial infarction. 


COMPARISON WITH CREATINE KINASE-B 

Figure 4 shows that the mean serum creatine 
kinase-B residual activity was similar in the UA 
(+) and UA (—) patients. 
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Figure4 Serum creatine kinase B residual actrutty (mean ( SEM )) in UA ( — ) and 
UA (+) groups measured every 3-8 hours in the 72 hours after the onset of chest pain 


CREATINE KINASE MB AND ELECTROCARDIOGRAM 
ON ADMISSION IN PATIENTS WITH UNSTABLE 
ANGINA 

Reversible electrocardiographic changes (ST 
segment depression or elevation Z0 01 mV or 
T wave inversion, or both) were found at 
admission in six (46%) of 13 patients with UA 
(—) and in seven (88%) of eight patients with 
UA (4-). The difference was not statistically 
significant (p = 0-27). 


CREATINE KINASE MB AND $T SEGMENT CHANGES 

IN PATIENTS WITH UNSTABLE ANGINA 

Twenty of the 21 patients with unstable angina 
had ST segment analysis by Holter monitoring 
during the first 24 hours after admission. There 
were episodes of significant ST segment de- 
pression in six of 12 patients with UA (—) but 
in all patients with UA (+). There was a 
significant association between the presence of 
reversible ST segment depression and serum 
enzyme fluctuation (p < 0 05). 


CREATINE KINASE MB AND IN-HOSPITAL 
CLINICAL OUTCOME 

The presence of ischaemic heart disease was 
confirmed by either an exercise test or coronary 
angiography in all patients with unstable 
angina. No patients with unstable angina with- 
out enzyme changes had coronary events dur- 
ing their hospital stay. Two patients with 
unstable angina and enzyme changes later had 
an acute myocardial infarction during their 
hospital stay. 


Discussion 


The results of the present study indicate that 


the new creatine kinase MB immunoassay is a 
promising diagnostic tool because it may help 
to determine the frequency and severity of 
myocardial ischaemic events in the different 
coronary syndromes. Until now assessment of 
damage to the ischaemic myocardium by 
measurement of creatine kinase isoenzymes has 
mainly been based upon analysis of creatine 
kinase B by immunochemical methods or 
creatine kinase MB by electrophoretic or 
chromatographic methods.'^* These methods 
are satisfactory for diagnosing acute myo- 
cardial infarction but they are less sensitive for 
monitoring continuing myocardial ischaemia. 
Creatine kinase MB specific enzyme linked 
immunoadsorbent assays have a high sensiti- 
vity."* This method has been further 
improved by using a double antibody tech- 
nique, which gives a highly specific and sen- 
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sitive assay with a very low limit of detec- 
tabilty. 

In the present study the group without 
ischaemic heart disease represents the back- 
ground serum concentration of creatine kinase 
MB and the group with acute myocardia! 
infarction the full extent of enzyme concentra- 
tion when there 1s irreversible cell damage. So 
these two patent groups are ideal reference 
groups for the study of serum enzyme concen- 
tration in patients with angina pectoris. 

Despite the fact that ischaemia of short 
duration, verified electrocardiographuically, 
was induced by exercise serum creatine kinase 
MB concentrations in the group with stable 
angina resembled those in the group without 
ischaemic heart disease This indicates no 
enzyme leakage after a transient ischaemic 
attack in patients with chronic stable angina. 
Similar results have been reported by others.’ ° 

In the group with unstable angina, however, 
our results indicate that the grade of unstable 
angina may reflect the degree of myocardial 
damage. Some of the patients with unstable 
angina showed clear evidence of ischaemic 
injury—senal changes and higher mean values 
of serum creatine kinase MB concentration— 
after the onset of symptoms than a reference 
group of patients without ischaernic heart dis- 
ease or with stable angina. In addition, fluctua- 
tons in creatine kinase MB correlated with 
evidence of repetitive ischaemic episodes on 
continuous ST segment monitoring during the 
first 24 hours after admission. 

Whether enzyme release is due to minor 
necrosis of myocardial tissue or severe but 
reversible ischaemic injury cannot be deter- 
mined from the present study. Enzyme leakage 
has been found under experimental conditions 
in ischaemically damaged myocardial tissue 
without signs of irreversible myocardial 
injury.?! On the other hand, studies of 
patients suggested that slight increases in 
serum concentrations of creatine kinase and 
creatine kinase B were caused by micro- 
necroses.? This 1s supported by techniques 
such as myocardial scintigraphy with tech- 
netium-99m-pyrophosphate and necropsy 
studies.” *4 

In patients with unstable angina serum 
creatine kinase MB concentrations were only 
slightly raised and the ume course of the 
increase in creatine kinase MB resembled the 
curves obtained from patients with acute 
myocardial infarction. This suggests that 
patients with unstable angina had minimal 
myocardial necrosis. The earlier rise in peak 
creatine kinase MB in unstable angina resem- 
bled the enzyme course described in patients 
with non-Q wave infarction and has led to the 
hypothesis that reperfusion 1s likely to occur in 
patients with non-Q wave acute myocardial 
infarction.? Reperfusion is also likely to occur 
after transient non-perfusion in unstable 
angina. However, the UA (+) patients did not 
have acute myocardial ischaemia by the classic 
World Health Organisation criteria? Findings 
were similar when serum myoglobin’ was used 
as a marker of myocardial i$chaérnia in a group 
of patients with an acute ischaemic myocardial 
insult. Therefore the-gradation of patients 
with unstable angina irfiplies the identification 
of a subgroup with‘ small size myocardial 
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necrosis. The various time courses of creatine 
kinase MB within this population (fig 2) fur- 
ther indicate that this enzymatic marker of 
myocardial ischaemia need not be restricted to 
conventional myocardial infarction. It also 
reflects—in time and degree—the range of 
ischaemic damage of myocardial tissue. In this 
context the present results confirm that myo- 
cardial infarction and enzyme release are not 
all-or-non processes, but rather a continuum 
dependent on the duration and intensity of 
ischaemia and on the condition of the myocar- 
dium at the onset of the ischaemic episode.” 

The subgrouping of patients in a study of 
this type is crucial. Unstable angina was diag- 
nosed on clinical grounds and acute myocardial 
infarction was excluded by conventional 
enzymatic methods and electrocardiographic 
findings. Though the term unstable angina 
mcludes a wide range of patients with 
ischaemic heart disease the term has been 
clinically defined. To improve the understand- 
ing of this complex clinical entity, Braunwald 
recently proposed a clinical classification of 
unstable angina.” This classification is based 
on the severity of angina—new onset of severe 
angina or accelerated angina, angina at rest 
within the past month but not within the 
preceding 48 hours, and angina at rest within 
48 hours. These three grades of severity are 
classified further on the basis of the develop- 
ment of angina in the presence of extracardiac 
conditions that intensify myocardial ischaemia, 
develop in the absence of extracardiac condi- 
tions, or develop within two weeks after acute 
myocardial infarction. According to this clas- 
sification all patients with unstable angina in 
the present study had primary unstable angina 
(group IIIB) because they presented with 
angina within 48 hours in the absence of 
extracardiac conditions. Half of a similarly 
defined group of patients with unstable angina 
had raised concentrations of serum myo- 
globin.” This accords with our finding raised 
concentrations of serum creatine kinase MB in 
38% of the patients. 

Coronary events occurred only in the 
patients with unstable angina who also had 
raised serum creatine kinase MB. This increase 
in serum creatine kinase MB may be an ad- 
ditional prognostic factor in patients with un- 
stable angina. This point adds further support 
to the view that patients with unstable angina 
and raised creatine kinase MB activity have 
areas of myocardial necrosis. 

The highly sensitive creatine kinase MB 
immunoassay is a promising means of extend- 
ing our knowledge of the severity of myocardial 
ischaemic events in the different coronary 
syndromes. Application of the method is not 
restricted to conventional myocardial infarc- 
tion. It is able to reflect—in time and degree— 
the range of ischaemic damage in myocardial 
tissue. The different time courses of creatine 
kinase MB in various patient groups in the 
present study show that the acute ischaemic 
syndrome—comprising unstable angina, acute 
myocardial infarction, and sudden ischaemic 
death—represents a continuum of ischaemic 
myocardial damage. It is tempting to suggest 
that the difference between no enzyme release 
and minimal enzyme release reflects a separa- 
tion between stable and dynamic ischaemic 
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conditions; if so the “dividing line" would fall 
within unstable angina. 
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Overnight studies in severe chronic left heart 
failure: arrhythmias and oxygen desaturation 


S W Davies, L M John, J A Wedzicha, D P Lipkin 


Abstract 

Overnight studies were performed in 10 
patients with severe chronic left heart 
failure (New York Heart Association 
grades III and IV) without pulmonary 
disease and in eight controls. Trans- 
cutaneous oxygen (Po;) and carbon diox- 
ide tensions (Pco,) and oxygen satura- 
tion were measured and the electro- 
cardiogram was recorded. During sleep 
mean oxygen saturation fell to 92:7% 
(minimum 861%) from 95:1% when 
awake. During the night oxygen satura- 
tion was below 95% for 62% of the time, 
below 90% for 6% of the time, and below 
85% for 1% of the time. In four patients 
there were oxygen desaturation dips (a 
fall of > 4% in oxygen saturation from a 
stable baseline that lasted > 30 s) with 
concurrent increases in Pco, Two 
patients had bradycardia during the 
dips: in one there was non-sustained ven- 
tricular tachycardia during the dips and 
in the other there was ST depression (> 
0:1 mV at 80 ms after the J point) during 
a dip. In the controls the fall in mean 
oxygen saturation from 95:4% when they 
were awake to 94:499 when they were 
asleep was less than the fall in patients 
with heart failure and there were no 
desaturation dips or arrhythmias. 

Thus patients with severe heart failure 
had episodes of oxygen desaturation dur- 
ing sleep, some of which were associated 
with arrhythmia. Such episodes may be 
related to the increased risk of sudden 
death in chronic heart failure. 


The prognosis in patients with severe chronic 
left heart failure (New York Heart Association 
grades III and IV) is poor, with a mortality of 
40-50% at 12 months.'? Between one third 
and one half of these deaths are sudden,'? and 
this is true both of patients with end stage 
ischaemic heart disease and those with 
idiopathic dilated cardiomyopathy.'* What- 
ever the aetiology, many deaths in patients 
with severely impaired left ventricular func- 
tion are sudden. 

The pathophysiology of sudden death in 
severe chronic left heart failure is not known, 
but some or all of these deaths may be related 
to dangerous ventricular arrhythmias." 
Twenty four hour monitoring of the elec- 
trocardiogram showed frequent ventricular 
arrhythmias in such patients,*? and electro- 
physiological testing showed a low threshold 
for ventricular arrhythmias. Factors that 
might trigger such  arrhythmias during 


everyday life have not been fully defined, 
however. 

Patients with severe chronic airflow obs- 
truction had episodes of arterial oxygen 
desaturation during sleep?! that were 
associated with profound haemodynamic dis- 
turbance and arrhythmias.?® Similar 
episodes might act as triggers for ventricular 
arrhythmias in chronic heart failure. We 
therefore performed overnight sleep studies in 
patients with chronic severe left heart failure 
to determine the presence of such episodes 
and their possible relation to arrhythmias. 


Patients and methods 

PATIENT SELECTION 

Overnight studies were performed on 10 
patients (eight men and two women, aged 33- 
76) with severe chronic left ventricular impair- 
ment and New York Heart Association grade 
III or grade IV dyspnoea. All were treated with 
diuretics (frusemide 80-160 mg/day or its 
equivalent) and angiotensin converting enzyme 
inhibitors. All were clinically stable at the time 
of the study, without radiographic pulmonary 
oedema; four patients were on the waiting list 
for cardiac transplantation. The left ventricular 
ejection fraction determined by gated blood 
pool scanning was < 40% in all cases. Only one 
of the patients gave a history suggestive of sleep 
disordered breathing (snoring, daytime som- 
nolence, and morning headache). None of the 
patients took sedatives at night. 

We excluded patients with (a) evidence of 
important intrinsic pulmonary disease, as 
judged by history and clinical examination, 
normal peripheral lung fields on chest x ray, 
and standard lung function tests (forced 
expiratory volume in one second, forced vital 
capacity, and carbon monoxide diffusing 
capacity) > 75% of predicted normal values; 
(6) current treatment with antiarrhythmic 
drugs; and (c) known ear, nose, or throat 
disease, or obesity (> 115% ideal body 
weight). For comparison control data were 
obtained from eight healthy individuals (ages 
32-75) referred to the sleep laboratory for 
investigation of possible sleep disordered 
breathing. All the controls had normal lung 
function and normal cardiac function (clinical 
examination, electrocardiogram, chest x ray, 
lung function tests, echocardiogram). None of 
them had sleep disordered breathing on over- 
night study. 


OVERNIGHT STUDIES 
All those with chronic heart failure were 
inpatients undergoing assessment of heart 
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failure at the time of the overnight study. 
Studies were performed at the bedside in the 
hospital ward on the third to eighth night after 
admission. Patients were thus familiar with the 
room and environment before the night-on 
which the recordings were made. The follow- 
ing measurements were made: (a) trans- 
cutaneous oxygen tension (Po) by a 
Radiometer TCM2 electrode. applied to 
anterior abdominal wall; (b) transcutaneous 
carbon dioxide tension (Pco,) by a Radiometer 
TCM20 electrode applied to anterior 
abdominal wall; (c) oxygen saturation and heart 
rate from an Ohmeda Biox III pulse oximeter 
applied to a finger. The output-from these 
devices was recorded on a four channel paper 
chart recorder (Honeywell Analogic). 

Raw values of Po, and Pco, from the elec- 
trodes were corrected by a standard empirical 
formula validated for this laboratory. This 
standardisation was checked in each subject by 
comparing the values of transcutaneous Po, 
and Pco, with arterialised capillary blood 
samples from the ear lobe’ analysed in a 
Radiometer ABL3 machine at the start of the 
overnight study. 

Heart rate, rhythm, and ST segment changes 
were recorded by a two channel Holter monitor 


with a wide band pass (Oxford Medilog mark ' 


II). The frequency response of 0:05-100 Hz 


meets American Heart Association. 


specifications, and units were calibrated both 
before and after placement. Channel I recorded 
the lead with a configuration resembling that of 
precordial lead V5, and channel II recorded a- 
lead with a configuration resembling that of 
standard lead III. Important ischaemic 
episodes were defined as transient ST segment 
depression > 0-1 mV from the baseline at 80 
ms after the J point, lasting for at least one 
minute.'* Each episode was confirmed by direct 
examination of the ST segments before, dur- 
ing, and after the episode on a full disclosure 
electrocardiogram. An.interval of at least two 
minutes of normal tracing was required after 
resolution of each episode before another dis- 
crete episode was counted. 

We recorded synchronous time markers at 
the start and end of each study by the event 
marker channels of the Holter monitor and of 
the respiratory monitor to ensure accurate 
correlation between the two recordings. The 
accuracy of the time markers was confirmed by 
comparing heart rate changes on the electro- 
cardiogram with those recorded on the paper 
chart recorder by the pulse oximeter. 


DATA ANALYSIS 

Overnight recordings of Po;, Pco,; and oxygen 
saturation. were read by two experienced 
observers independently. Dips in oxygen 
saturation were defined as an abrupt fall in 
oxygen saturation by at least 4%, lasting for at 
least 30 seconds." ? We used standard criteria 
to identify episodes of ST segment depression, 
as given above. A significant episode of 
bradycardia was defined as a fall'in mean heart 
rate by at least 10 beats per minute, so that the 
absolute heart rate fell below 60 beats per 
minute, lasting for at least 30 seconds. 


Davies, John, Wedzicha, Lipkin 


STATISTICAL ANALYSIS 
Values of variables are given as range and 


. median; we used the appropriate non- 


parametric statistical tests in analyses. The 
group of patients withr heart failure and the 
control group were compared by the Mann- 
Whitney U statistic for continuous variables 
and Fisher's exact test for.categorical variables. 
We used the Wilcoxon matched pairs signed 
rank test to compare measurements made when 
the patients were awake with those made when 
they were-asleep. 


Results 

BLOOD GASES IN CHRONIC HEART FAILURE 
Atrest all patients with severe chronic left heart 
failure had normal lung volumes and gas trans- 
fer measurements and normal blood gases 
determined from arterialised capillary samples 
from the ear lobe (table). Mean oxygen satura- 
tion fell significantly from 95-1% (range 93-2- 
97 0%) when they were awake to 92:7% (89-1— 
94-895) when they were asleep (p < 0-001). 
'The minimum oxygen saturation during the 
overnight study in each patient was 86-196 
(79-9-90-3%). During the night arterial oxygen 
saturation was below 95% for 62% (range 40- 
98%) of the time, below 90% for 6% (1-18%) 
of the time, and below 85% for 1% (0-5%) of 
the time. Mean carbon dioxide (Pco,) rose from 


34-1 (29-7-41:9) mm Hg when patients were 


awake to 37-9 (33-:7-45-7) mm Hg when they 
were asleep (p < 0 005). 

In four patients there were significant dips 
with concurrent increases in Pco,. The number 
of overnight dips in each individual patient 
varied from two to eight (mean four). The 
duration of the dips ranged from one to four 
minutes. There were clusters of dips in two 
patients (fig 1). 

Oscillations in oxygen saturation were recor- 
ded in two patients with chronic heart failure 
(fig 2). These had a frequency of between 0-45 
and 0:8 cycles per minute, and episodes lasted 
between four and 17 minutes. There were 
synchronous but opposite changes in trans- 
cutaneous Pco, consistent with cyclical 
changes in the depth of ventilation. 


ELECTROCARDIOGRAM IN CHRONIC HEART 
FAILURE 

The resting electrocardiogram was abnormal in 
all patients; all of them had anterior or inferior 


Pulmonary function, body weight, and blood gases at rest 
(range ( median) ) 1n patients with severe chronic left 
heart failure and im controls 


Chronic left 
heart failure Controls 
(n= 10) (n = 8) 
Age 33-76 (58 32-15 (56) 
"Weight (kg) 58-84 (73 62-91 (74) 
FEV, (1) 1 7-3 2(2 4) 2 0-4 8 (3 3) 
(as % of predicted) 76-113 (84) 80-125 (98) 
FVC (1) 21-4761) 35-5 5 (4 7) 
(as % of predicted) 75-113 (81) 82-119 (96) 
Pao, (mm Hg) 68 2-89 6 (79 3 72 9-89 7 (82-6) 
Paco, (mm Hg) 29 7-41 9 (34 1 33-1-40 6 (36 0) 


FEV,, forced is ee! volume in one second, FYC = forced 
vital capacity, Pao,, partial pressure of oxygen in arterial 
boon; 4CO,, partial pressure of carbon dioxide in arterial 
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Figure 1 An example of 
clustering of desaturation 
dips in a patient-with 
chrome heart failure. 


Figure 2. Episode of 
oscillation.in oxygen 
saturation and carbon 
dioxide 1n a patient with 
chronic heart failure. - 


Figure 3 ^ Desaturation 
dip with associated episode 


of bradycardia in a t 
+ with chrome heart failure. 
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Figure 4 Desaturation 
dip soith associated 
episodes of non-sustained 
ventricular tachycardia in 
a patient with chronic 
heart failure. 


Figure 5 Desaturation 
dip with associated episode 


. of transient ST segment 


pression tn a patient 
with chronic heart failure. 
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Q wave infarction. ST segments were isoelec- 
tric on the resting 12 lead electrocardiogram. 
During sleep the mean heart rate decreased to 


66 (10) bests per minute from 75 (8) beats per, 


minute when patients were awake (p < 0-005). 

In the six patients without arterial oxygen 
dips there were no arrhythmias apart from 
infrequent ventricular extrasystoles (more than 
three per minute) In two patients with 
desaturation dips there was transient brady- 
cardia associated with the dips (fig 3). These 
were confirmed on both Holter monitoring and 
on the mean heart rate signal from the pulse 
oximeter. In one patient there were frequent 
ventricular extrasystoles and short runs of non- 
sustained ventricular tachycardia during dips 
(fig 4). No episodes of ventricular tachycardia 
were recorded in that patient at other times, nor 
in any other patient. In one patient there was 


PcO2 (mmHg) 





significant ST segment depression during one 
desaturation dip (fig 5). 

The exact time relation of dip and arrhyth- 
mia is uncertain because the recordings were 
made on two separate systems. Synchronous’ 
time marks were placed on both recording 
systems at the start and at the end of each 
overnight study, and figures 3 and 4 show that 
the electrocardiographic changes in heart rate 
mirrored those recorded by the pulse oximeter 
during the dip. Heart rate during dips started 
to change within 30 seconds either side of the 
onset of the dip in oxygen saturation. Transient 
ST segment depression associated with one dip 
in a patient also coincided (within 30 seconds) 
with the onset of the dip. 


CONTROL GROUP 
Oxygen saturation while the eight age matched 
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controls were awake was similar to that in the 
patients with heart failure. The fall in mean 
oxygen saturation overnight from 95-496 
(range 93-5—97-294) to 94-494 (92-4-96-5%), 
however, was less than in the patients with 
chronic heart failure (p « 0:01). There were no 
significant desaturation dips and no rhythm 
disturbances or shifts in ST segment. 


Discussion 
This study showed that the nocturnal decrease 
in arterial oxygen saturation and increase in 
Pco, were greater in patients with severe 
chronic left heart failure than in controls. In 
some patients with heart failure there were 
abrupt dips in oxygen saturation, some of 
which were associated with arrhythmias or 
episodes of ST segment depression, or both. 
The occurrence of sleep disordered breath- 
ing in severe chronic heart failure has not 
previously been defined. We did not 
deliberately select patients with chronic heart 
failure and symptoms of sleep disordered 
breathing and we excluded conditions that 
might contribute to sleep disordered breathing 
(pulmonary disease, obesity, nasopharyngeal 
conditions). Our results suggest that sleep 
disordered breathing may be common in 
patients with severe chronic heart failure. 


SLEEP DISORDERED BREATHING 

Changes in the respiratory pattern and in blood 
gas tensions during sleep were first recognised 
in patients with hypoxic lung disease.” " 
Episodes of arterial oxygen desaturation 
(“dips”) in patients with chronic obstructive 
airways disease are associated with profound 
haemodynamic changes," and may lead to 
sustained pulmonary hypertension, secondary 
polycythaemia, cor pulmonale, and impair- 
ment of the central nervous system.?? They 
may also indicate a poor prognosis? Sleep 
disordered breathing was also reported in 
patients with disorders of the upper airways, 
neuromuscular problems, obesity, and in some 
apparently healthy normal individuals.? 

Two distinct mechanisms of apnoea account 
for the episodes of arterial oxygen desatur- 
ation.” In central sleep apnoea, airflow at the 
nose and at the mouth stops for at least 10 
seconds and there is a considerable reduction in 
respiratory movement. In obstructive sleep 
apnoea, airflow at the nose and mouth stops for 
at least 10 seconds and this is associated with 
increased respiratory effort and paradoxical 
movement of the chest wall. A mixture of both 
patterns may occur in an individual patient and 
there may also be episodes of hypopnoea that 
do not last for at least 10 seconds. 


OVERNIGHT ARTERIAL OXYGEN DESATURATION IN 
CHRONIC LEFT HEART FAILURE 

In the present study there was a small but 
significant fall in mean oxygen saturation dur- 
ing sleep in the patients with chronic heart 
failure and this was greater than was seen in the 
control group. The concomitant small rise in 
Pco, suggests this was the result of a minor 
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reduction ın alveolar ventilation rather than 
shunting causing a venous admixture. 

Significant desaturation dips with accom- 
panying rises in Pco, were seen in four of the 10 
patients with severe chronic left heart failure 
and in none of the eight controls. There are 
several possible mechanisms for this in the 
patients with heart failure. Impaired cerebral 
perfusion and perhaps cerebral hypoxia might 
lead to central sleep apnoea.” Decreased 
pharyngeal tone as a result of abnormalities of 
skeletal muscle** might cause intermittent 
obstruction of the upper airway. Further 
studies with full sleep staging are required to 
distinguish between these possibilities and to 
elucidate the mechanism of desaturation dips in 
chronic heart failure. The stage and depth of 
sleep may be important: in healthy adults 
ventilation and the ventilatory responses to 
hypoxia and hypocapnia are smaller during 
sleep than wakefulness, and are further 
reduced in rapid eye movement sleep.*”’ Pos- 
tural changes in the pulmonary ventilation- 
perfusion relations in recumbent individuals 
may also contribute to nocturnal desatur- 
ation.” 

In two patients we found episodes of oscilla- 
tion in oxygen saturation with synchronous 
opposite changes in Pco,. This was consistent 
with Cheyne-Stokes breathing, which has been 
described in severe heart failure with low 
output states.” The oscillation may be the 
result of low cardiac output increasing the 
transit time from the pulmonary capillary bed 
to the carotid body and brain stem receptor and 
introducing a delay into the negative feedback 
system.” Reductions in cardiac output dur- 
ing sleep might therefore be responsible for the 
cyclical oxygen saturation and Pco, changes in 
the two patients in the present study. 


ARRHYTHMIAS 

In four of the 10 patients with severe chronic 
heart failure the overnight studies showed 
important arrhythmias including transient 
bradycardias, frequent ventricular extra- 
systoles and brief runs of ventricular tachycar- 
dia, and a transient left bundle branch block 
pattern. No rhythm disturbances were seen in 
any of the eight controls. 

Both bradycardia and tachycardia were 
associated with oxygen desaturation dips, and 
often started within 30 seconds of the onset of a 
dip. Though the changes in oxygen saturation 
seen in this study were small, they could have 
acted synergistically with other factors to cause 
arrhythmias. In severe chronic left heart failure 
the threshold of the left ventricle to arrhythmia 
provoked by electrophysiological testing is 
low.? Conversely, it is possible that changes in 
cardiac output caused by the rhythm distur- 
bance or myocardial ischaemia reduced 
cerebral perfusion and led to a change in 
respiratory pattern and to transient hypoven- 
tilation. Finally, a transient disturbance of 
brain stem function might affect autonomic 
outflow and hence rhythm while simultan- 
eously affecting the respiratory centres and 
hence the ventilatory drive. There is insuf- 
ficient evidence to decide between these 


possibilities, and we cannot at present assign a 
causal role to the oxygen saturation dips in 
triggering the arrhythmias we saw. 


CLINICAL IMPLICATIONS 

Sleep disordered breathing is thought to affect 
the quality of life of patients with chronic 
airflow obstruction by disrupting the normal 
temporal structure of sleep and by contributing 
to specific symptoms such as nocturnal dysp- 
noea, general fatigue, malaise, and irritability. 
The same may apply to patients with severe 
heart failure. We can also speculate that the 
cumulative effects of repeated small oxygen 
saturation. dips might in the long term 
influence myocardial and cerebral function. 
Though the dips and the overall nocturnal 
decrease in mean oxygen saturation in heart 
failure are smaller than in patients with res- 
piratory disorders? " the failing heart may be 
more sensitive to oxygen desaturation. 

Because the occurrence of arrhythmias dur- 
ing everyday life may predict a poor prognosis 
in chronic heart failure,” the association be- 
tween oxygen saturation dips and arrhythmias 
(and in one case significant ST segment 
depression) is of interest. Nobody knows 
whether the dips in oxygen saturation are 
causally related to arrhythmias and ischaemia 
or whether they both reflect brainstem 
hypoperfusion and autonomic instability. Fur- 
ther study of these dips may provide insight 
into the mechanisms of sudden death in chronic 
heart failure. Though the definition of sudden 
cardiac death in surveys is arbitrary,” it does 
include deaths without any antecedent 
deterioration of cardiac function which are 
thought to be the result of arrhythmia. The 
factors that trigger arrhythmias in severe 
chronic heart failure have not been fully 
defined, but small changes in oxygen saturation 
might contribute. 

There are circadian rhythms in the time of 
onset of myocardial infarction? and sudden 
cardiac death.’ No such pattern has yet been 
described. for sudden death in severe heart 
failure, but the present findings suggest a 
mechanism for an excess of nocturnal deaths. 
This would differ in mechanism and in timing 
from the early morning peak in myocardial 
infarction that parallels the normal physio- 
logical rhythms of blood pressure, platelet 
aggregability, fibrinogen concentrations, and 
plasma catecholamines.” * 

Various treatments have been tried for the 
different forms of sleep disordered breathing. 
Reducing alcohol intake, withholding hypnotic 
and sedative drugs, and weight reduction for 
the obese patient have proved beneficial in 
selected cases. There is a single case report of 
sleep disordered breathing.in a patient with 
severe chronic heart failure that resolved when 
the chronic heart failure was controlled by 
intensive diuretic treatment.” It is too early to 
advocate more specific -treatment for sleep 
disordered breathing in-patients with chronic 
heart failure. Two recent studies report the 
apparent benefits of supplemental oxygen™ and 
of nasal continuous positive airway pressure” 
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in patients with chronic heart failure and overt 
Cheyne-Stokes respiration. 


CONCLUSION 

In a group of 10 patients with severe chronic 
left ventricular failure (chronic heart failure) 
the decrease in mean arterial oxygen saturation 
and increase in Pco, were both slightly greater 
than in a control group of eight subjects. In 
four of the 10 patients with chronic heart 
failure there were abrupt dips in oxygen satura- 
tion during sleep, some of which coincided 
with arrhythmias or transient ST segment 
depression or both. The significance of these 
abnormalities has yet to be evaluated. They 
may contribute to various symptoms and to the 
high risk of sudden death in patients with 
chronic heart failure. Patients with severe heart 
failure are potentially at risk of arterial oxygen 
desaturation and may require overnight 
oximetry to define the degree of respiratory, 
sleep, and rhythm disturbance. 


Dunng this study SWD was supported by a British Heart 
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Heart rate variability and cardiac autonomic 
function in men with chronic alcohol dependence 


Simon C Malpas, Edwin A Whiteside, Timothy J B Maling 


Abstract 

Cardiac autonomic function was studied 
in 23 alcohol dependent men by standard 
tests of autonomic function and 
measurement of 24 hour heart rate 
variability. In all there was peripheral or 
central nervous system damage or both. 
Standard tests of autonomic function 
showed vagal neuropathy in seven. The 
remainder had normal autonomic func- 
tion tests. Twenty four hour heart rate 
variability was measured as the stan- 
dard deviation of the successive differ- 
ences between RR intervals from an 
ambulatory electrocardiogram record- 
ing. Twenty four hour heart rate vari- 
ability was significantly lower in both 
alcohol dependent groups than in con- 
trols, but the results in the two alcohol 
dependent groups were not significantly 
different from each other. The results of 
standard tests of autonomic function did 
not distinguish between the alcohol de- 
pendent men with normal autonomic 
function and controls. The differences in 
heart rate variability between this group 
and the controls may have been the 
result of the ability of this method to 
detect small changes in autonomic 
integrity. Cardiomyopathy may also 
account for some of these differences 
and such abnormalities should be ex- 
cluded before results are to be regarded 
as a reflection of vagal function. Twenty 
four hour measurement of heart rate 
variability may be a more useful index of 
cardiac vagal neuropathy than currently 
available tests of autonomic function. 


Damage to the autonomic nervous system 
affecting sudomotor, vasomotor, and cardiac 
function is a recognised feature of chronic 
alcohol dependence.! Duncan et al indicated 
that vagal neuropathy is a common finding 
associated with impairment of the central and 
peripheral nervous systems. Sympathetic 
dysfunction affecting the control of blood 
pressure is, however, rare,’ though orthostatic 
hypotension may occur in a few patients and 
is associated with severe autonomic de- 
generation.‘ 

Commonly applied tests of cardiac auto- 
nomic function (Valsalva’s manoeuvre, deep 
breathing, and standing) examine heart rate 
responses to various manoeuvres that change 
the length of the cardiac cycle (RR interval) 
over a short period. The change in the RR 
interval is assumed to be due to autonomic 


activity but this does not take into account 
that inputs of different frequencies produce 
the change in heart rate; those at lower 
frequencies are not necessarily autonomic in 
origin such as reflex mechanisms involved 
with continuing haemodynamic changes. 
Tests of autonomic function also tend to 
classify patients merely on the basis of the 
presence of neuropathy and give little scope 
for grading its severity.” Measurement of 
short term (5 min) heart rate variability has 
been advocated as an indicator of autonomic 
neuropathy’; however, there is disagreement 
about whether the recording should be per- 
formed with the patient standing, sitting, or 
lying and about the best index for measuring 
heart rate variability. Ambulatory electro- 
cardiographic (Holter) monitoring of heart 
rate variability may provide a more sensitive 
index of autonomic function than is currently 
available? because it makes a large number of 
RR intervals available for the calculation of 
heart rate variability. Monitoring over 24 
hours also provides an opportunity to examine 
autonomic function during normal daily 
activities without interference from inves- 
tigators. It may enable disease progression in 
alcohol dependent patients to be monitored. 
Ewing and colleagues reported that heart rate 
variability was reduced in diabetic patients 
who had normal standard autonomic function 
tests.) The present study was conducted to 
test whether similar results apply to alcohol 
dependent patients and whether 24 hour . 
measurement of heart rate variability is a 
useful method for assessing cardiac autonomic 
changes in alcohol dependent patients. 


Patients and methods 

We assessed autonomic integrity by standard 
tests of autonomic function and measurement 
of 24 hour heart rate variability in 23 alcohol 
dependent men (aged 37—72 (mean 54)) who 
had been drinking between 100 and 350 g of 
ethanol daily for 10—40 years. At the time of 
study all these men were undergoing rehab- 
ilitation at a Salvation Army hostel. They were 
not admitted to hospital for the study. They 
had abstained from alcohol for one to nine 
weeks (mean three). None of them had hyper- 
tension, diabetes, or clinical evidence of heart 
disease or were experiencing withdrawal 
symptoms at the time of study. An electro- 
cardiogram was taken to exclude men with 
cardiac rhythm abnormalities. Men were selec- 
ted on the basis of abnormalities of the 
peripheral and central nervous system by a 
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previously described protocol from our 
laboratory.” We also assessed 11 healthy men 
(aged 34-68). The protocol was approved 
by the Wellington Hospital Board Ethical 
Committee and all participants gave their 
informed consent before taking part. 


STANDARD TESTS OF AUTONOMIC FUNCTION 
All subjects underwent the following tests of 
autonomic function in the order below. They 
lay supine for 20 minutes before the start of the 
tests. The methods are described elsewhere.’ 
Deep breathing—Sinus arrhythmia of <15 
beat/min was regarded as abnormal. 
Standing—The 30:15 ratio of the response of 
heart rate to standing was measured; a ratio 
< 1-03 was defined as abnormal. The change in 
blood pressure upon standing was also 
measured, and a fall > 10 mm Hg diastolic and 
>20 mm Hg systolic indicated sympathetic 
failure. 
Valsalva manoeuvre—Subjects held a forced 
expiratory pressure of 40 mm Hg for 15 s. The 
Valsalva ratio of the smallest heart beat interval 
during straining to the longest after the release 
of pressure was calculated. A ratio <1-21 was 
defined as abnormal. 
Neck suctton—The carotid baroreceptors were 
stimulated by the application of suction (—50 
mm Hg) to the neck.’ The suction was applied 
rapidly (— 600 mm Hg/s) and held for 3 s. The 
longest RR interval during the suction was 
measured. Failure to prolong the RR interval 
by > 120 ms was defined as abnormal. 
Abnormal responses to two or more tests of 
autonomic function indicated autonomic 
neuropathy." 


MEASUREMENT OF 24 HOUR HEART RATE 
VARIABILITY 

The men were fitted with a Holter monitor 
(Oxford Medilog, MR14) that recorded two 
channels of electrocardiogram on to a standard 
60 minute cassette tape over a 24 hour period. 
'They kept a self-recorded diary of the day's 
events such as meal times, exercise, and sleep. 
'Tapes were played back through an analyser 
(Oxford Medilog, MAI4) at 60 times the 
recorded speed. Fluctuations in the recording 
speed were adjusted by a phase-locked loop 
time signal. The QRS waveform was filtered, 
detected electronically, and a pulse was 
generated corresponding to each R wave. False 
triggering of the T wave was inhibited by 
generating a relatively long width (250 ms real 
time) for the resultant pulse. The time between 
R waves was counted by a purpose-built rate 
logging device (accuracy +5 us) and the data 
were relayed through a parallel interface to a 
personal computer (IBM) where the RR 
intervals were added sequentially to a file. The 
file containing the RR intervals was divided 
into sections of 30 minutes of real time RR 
intervals so that up to 48 subfiles were 
produced for each 24 hour recording. To 
eliminate failure of QRS detection, intervals 
outside a preset range (300 to 1800 ms) and 
those tapes with more than five extrasystoles 
per hour were discarded from further analysis. 
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STATISTICAL ANALYSIS 

The alcohol dependent men were divided into 
two groups on the basis of the presence or 
absence of autonomic neuropathy as defined by 
the results of the standard tests of autonomic 
function. Heart rate variability was assessed 
from the standard deviation of the successive 
differences between RR intervals (SDSD) for 
each 30 min subfile in each individual by a 
commercial statistical package (SAS Institute, 
USA) on a Digital Microvax computer. Six 
controls repeated the ambulatory monitoring 
between 1-12 weeks later (mean 3). The 
reproducibility coefficient for the SDSD was 
0-83; therefore the method was repeatable.” 
Results from individuals were standardised to a 
starting time of 0900 h. 'T'wo way analysis of 
variance was used to compare the results of 24 h 
heart rate variability in controls and the two 
alcohol dependent groups by a Bonferroni 
multiple comparisons procedure. The sample 
size studied had sufficient power, at the 5% 
level, to detect a change of > 15% in heart rate 
variability between groups. Results are presen- 
ted as means (SEM). Statistical significance 
was achieved when p « 0-05. 


Results 

STANDARD AUTONOMIC FUNCTION TESTS 

Sixteen alcohol dependent men (group 1) had 
normal standard autonomic function tests. 
Vagal neuropathy was detected in seven (group 
2). Mean responses to standing, Valsalva's 
manoeuvre, deep breathing, and neck suction 
were significantly different in group 2 and 
controls but not between group 1 and controls 
(table 1). None of the men had sympathetic 
neuropathy (orthostatic hypotension). There 
was no difference in age or duration of alcohol 
dependency between the two groups; however, 
the degree of peripheral neuropathy, or central 
nervous system impairment, or both was 
significantly greater in group 2. 


TWENTY FOUR HOUR HEART RATE VARIABILITY 

Examination of the diary cards indicated that 
the alcohol dependent men were generally no 
more sedentary than the controls and that their 
times of meals and sleep periods did not differ 
greatly. All groups showed considerable cir- 
cadian variation in RR intervals with the 
slowest heart rate at 0500 h in the controls and 
group 2 and at 0600 h in group 1. There was a 
tendency for both alcohol dependent groups to 
have higher heart rates throughout the 24 h 
period (p — 0-067) than the normal group. The 


Table | Autonome function test results from 11 
controls, 16 alcohol dependent men without vagal 
neuropathy (group I) and seven alcohol dependent men 
with vagal neuropathy (group 2) (mean (SEM) ) 


Controls Group 1 Group 2 

Standing (30 15 

ratio) 112(002) 108(003) 103(002) 
Valsalva ratio 174(009) 160(011) 128(006) 
Deep breathing 

(beats/min) 20 (2 2) 23 (4 4) 78(19) 
Bradycardia with 

neck suction (ms) 222 (46) 245 (47) 42 (14)* 


*p < 005. 


86 


Figure 1 RR imtervals 
and mean heart rate 
variability (SDSD) over 
24 hin 11 controls, 16 


group 1 and seven group 2. 


There was a significant 
difference in heart rate 
variability between the 
alcohol dependent groups 
and the controls. 
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mean RR interval over 24 h was 806 (38) ms in 
the controls, 773 (29) ms in group 1, and 739 
(23) ms in group 2. 

Heart rate variability was-significantly lower 
(p <0-01) in both alcohol dependent groups 
than in the controls at all times over the 24 h 
period; however, the alcohol dependent groups 
were not significantly different from each 
other. The heart rate variability did not show 
the same degree of periodicity over 24 h as the 








E 
a 
an 
a 
n 
E "SA E ene — V / ~ 
AN Saye ^ / ` 
MN A, PU d v T 
50] ^ * vc d ama wv Group 2 
9 
0900 1200 1500 1800 2100 0000 0300 0600 0900 
Time of day 


Figure 2 Indrndual mean heart rate variability ( SDSD) in the three groups for the 


whole 24 h period. The solid line indicates the mean value tn each group. 
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significant difference between controls and both alcohol dependent groups that the 
standard tests of autonomic function did not identify. 
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Table2 Mean heart rate variabiliry (SDSD) over six 
tıme periods in 11 controls, 16 alcohol dependent men 
without vagal neuropathy (group 1), and seven alcohol 
ACH men with vagal neuropathy (group 2) (mean 
f 22 





Controls Group 1 Group 2 

Moming 

(0900-1130 h) 125 (12) 72 (11) 58 (10) 
Lunch (1130-1400 h)117 (16) 70 (10) 53 (9) 
Afternoon 

(1400-1730 h) 126 (13) 68 (9) 50 (10) 
Evening 

(1700—0000 h) 134 (16) 81 (11) 58 (11) 
Sleep (0000-0530 h) 152 (17) 100 (17) 71 (20) 

E 
(0530-0900 h) 140 (20) 94 (17) 69 (18) 


RR intervals and no clear variation was 
apparent (fig 1). When the mean of the heart 
rate variability for morning, lunch, afternoon, 
evening, sleep, and waking was taken a ten- 
dency for variability to increase during sleep 
was seen (table 2). The increase during sleep 
was similar in all groups and only set at a lower 
point in alcohol dependent groups. The mean 
SDSD over 24 h was 138 (10) ms in the normal 
group, 83 (11) ms in group 1, and 60 (12) ms in 
group 2 (fig 2). Twenty four hour SDSD values 
for 12 out of 16 of the group 1 men were well 
below the mean SDSD of the controls. Sixteen 
of the 23 alcohol dependent men had Valsalva 
ratios within the normal range, 10 had normal 
responses on standing, 12 for deep breathing, 
and nine in response to neck suction. Only six 
of the 23 alcohol dependent men had mean 
heart rate variability values within the normal 
range; this was significantly less than the 
proportion with normal tests of autonomic 
function. 


Discussion 

Heart rate variability was significantly reduced 
in alcohol dependent men with established 
vagal neuropathy and in some without. One 
explanation is that measurement of 24 h heart 
rate variability detected subtle changes in 
autonomic integrity in the men in whom stan- 
dard tests of autonomic function were normal. 
The difference in the proportion of alcohol 
dependent men with heart rate variability or 
autonomic function test results within the 
normal range accords with this explanation and 
indicates that grouping alcohol dependent 
people according to the presence of autonomic 
neuropathy may hide important information. 
Our results were consistent with earlier 
evidence in diabetic patients? that 24 hour 
monitoring of heart rate variability detected 
small changes in autonomic function which 
may not be detectable by standard autonomic 
function tests. 

Alternatively the similarity between heart 
rate variability in the alcohol dependent men 
with normal autonomic function and with 
abnormal autonomic function may relate to 
disordered end organ function. Tests of 
autonomic function measure the end organ 
responses to reflex stimulation; therefore con- 
clusions about the origin of abnormal responses 
are made from indirect measurements. In this 
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study minor subclinical cardiomyopathy may 
have been present 1n a few men; this was not 
excluded by a chest x ray or echocardiogram. 
Though Levin noted decreases in the Valsalva 
ratio in individuals with clinically overt 
cardiomyopathy” the effect of subclinical car- 
diomyopathy on autonomic function has not 
been documented. The SDSD index of heart 
rate variability may be more affected by sub- 
clinical cardiomyopathy and the reduced heart 
rate variability in some alcohol dependent men 
with normal standard autonomic function tests 
may be the result of subclinical cardiomyo- 
pathy rather than vagal neuropathy. Previous 
studies of alcoholic vagal neuropathy did not 
exclude individuals with cardiomyopathy,'?” 
which 1s quite common in this group." It is 
unlikely, however, that cardiomyopathy 
accounts for all the reduction in heart rate 
variability in the alcohol dependent men with 
normal autonomic function tests, and some 
degree of vagal neuropathy is feasible. Because 
of these possibilities it may be inappropriate to 
apply autonomic function tests to alcohol 
dependent individuals. In future studies alco- 
hol dependent individuals should be excluded 
if results are to be considered a reflection of 
vagal function. 

In alcohol dependent individuals the risk of 
death was increased in those with vagal 
neuropathy.? Most deaths 1n the study were 
sudden or unexplained. A reduced heart rate 
variability over 24 hours was associated with a 
5:3 fold increase in the mortality in patients 
recovering after myocardial infarction. 
Furthermore heart rate variability was reduced 
in patients known to be at risk of sudden 
cardiac death." The rise in heart rate variability 
during sleep that we found has been noted 
before.* This may confer some extra stability 
on the sinoatrial axis because the arrhythmias 
decreased during orthodox slow wave sleep." 
It has been suggested that the integrity of the 
autonomic nervous system may be important in 
the prevention, promotion, or precipitation of 
cardiac arrhythmias and that reduced vagal 
efferent activity may favour cardiac electrical 
instability.” Measurement of heart rate 
variability over 24 hours may be an appropriate 
means of assessing such alterations. 

Twenty four hour measurement of heart rate 
variability is potentially an accurate test of 
autonomic function. This is gained by the 
addition of every RR interval occurring in 24 
hours (up to 140000 beats per day) and 
through the measurement of heart rate vari- 
ability by the SDSD which 1s unaffected by 
periods of activity. The SDSD has been used as 
a method for assessing short term heart rate 
variability in newborn infants? and in 
individuals with multiple sclerosis and dia- 
betes”! ? but its application to 24 hour electro- 
cardiographic recordings has been limited.? Its 
sensitivity and statistical robustness when 
applied to ventricular extrasystoles has been 
critically examined.? The SDSD acts as a 
statistical filter in which the low frequency 
components such as trends in heart rate caused 
by activity and neurohormonal effects are fil- 
tered out. Its interpretation therefore relies on 
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the reproducibility of a stimulus, the coopera- 
tion of subjects, and the long term stability of 
the timing mechanisms in the recording equip- 
ment. Thus though the alcohol dependent 
groups had higher heart rates this would not 
account for the reduced heart rate variability. 
Neubauer and Gundersen proposed that the 
SDSD was the best method of detecting small 
and early abnormalities in. autonomic. func- 
tion.” The SDSD produces a measure of beat 
to beat variability and is a composite of 
variability of all the higher frequencies present 
in the data that could be identified by other 
methods such as spectral analysis." 'This com- 
posite emphasises the higher frequencies 
because lower frequency variation due to blood 
pressure and thermoregulatory mechanisms 
usually causes minimal beat to beat changes 
that are not autonomic in origin. For these 
reasons the SDSD ıs likely to be a more 
accurate measure of autonomic function than 
the standard deviation of the RR intervals. It 
is also more appropriate for examining 
ambulatory autonomic function than spectral 
analysis because several constraints make spec- 
tral techniques unsuitable in examining all 
forms of data on the RR interval.” The period 
of sleep is the most basal state of the day. 
Ambulatory monitoring provides an oppor- 
tunity to examine cardiac autonomic function 
during this tume. It is likely to be a reflection of 
natural background stimuli rather than the 
artificial manoeuvres conducted in laboratory 
based tests. 

Tests of autonomic function have generally 
been developed and validated by application to 
patients with diabetes mellitus. There have 
been few examunations of heart rate variability 
in alcohol dependent patients” and no previous 
long term recordings. Commonly used auto- 
nomic tests cause a temporary imbalance of the 
system examined, do not reflect its steady state 
function, and require active participation from 
the patient. These tests do not generally allow 
for the accurate detection of quantitative ab- 
normalities 1n autonomic function beyond the 
description of abnormal or normal, though 
some attempts have been made to do so. 
Alcoholic polyneuropathy is generally accepted 
to be a result of nutritional factors rather than a 
neurotoxic effect of alcohol.” The reported 
improvement in autonomic function with pro- 
longed abstinence may be due to improved 
nutrition in some alcohol dependent patients.’ 
Provided cardiomyopathy is excluded, 24 hour 
monitoring may overcome many of the prob- 
lems with conventional tests for measuring 
changes in cardiac autonomic function in 
alcohol dependent patients. 
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ANNOUNCEMENT BY 
SHILEY RELATING TO 
SETTLEMENT PRACTICE 
REGARDING BJORK-SHILEY 
CONVEXO-CONCAVE 
HEART VALVE 


Shiley Inc., manufacturers of the 
Bjork-Shiley Convexo-Concave heart 
valve seeks to negotiate prompt and fair 
settlement for any death or injury caused 
through fracture of this valve. 

Shiley Inc. wishes to spare claimants 
and relatives the cost, delay and anguish 
resulting from litigation. 

The company believes this to be the 
right and proper course of action. 

Each claim will be assessed individually 
depending on its particular circumstances, 
and compensation may therefore vary 
from case to case. 

A claimant will be encouraged to 
review proposed compensation with a 
local lawyer before settlement. 

Shiley wishes to make it clear that it 
will vigorously defend “anxiety” claims. 
A functioning valve provides no basis 
for a claim. 

For further information please 
contact: 


Mr Philip Hedger, 

Shiley, Ash House, 
Fairfield Avenue, Staines, 
Middlesex TW18 4AN. 


Pfizer) Shiley 
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Pulmonary microvascular permeability in patients 
with severe mitral stenosis 


S W Davies, P Wilkinson, J Keegan, J Bailey, A D Timmis, J A Wedzicha, R M Rudd 


Abstract 

Patients with rheumatic mitral stenosis 
often have no pulmonary oedema despite 
considerably increased pulmonary ven- 
ous pressure. Pulmonary microvascular 
permeability was | measured non- 
invasively by a previously validated 
method of double isotope scintigraphy 
with indium-113m and technetium-99m. 
This permits calculation of an index 
reflecting transferrin efflux and thus, 
indirectly, the microvascular per- 
meability. Fifteen patients with severe 
mitral stenosis (defined as valve area 
<1:0 cm’) were compared with a control 
group of 11 patients with mild coronary 
artery disease. The permeability index 
was significantly lower in patients with 


‘mitral stenosis than in the control group. 


Furthermore, the extent of reduction of 
the permeability index correlated with 
the severity of mitral stenosis as reflec- 
ted by the Gorlin valve area. 

This finding may account for the 
relative resistance of these patients to 
pulmonary oedema despite chronic pul- 
monary venous hypertension. 


Patients with mitral stenosis have a surprising 
resistance to pulmonary oedema despite per- 
sistently increased pulmonary venous pres- 
sure, and pulmonary oedema may only appear 


terminally or as a complication of fast atrial: 


fibrillation.’ In patients with myocardial in- 
farction, a rapid increase in pulmonary venous 
pressure to > 20 mm Hg (measured from mid- 
chest level) results in the formation of pul- 
monary oedema.’ In patients with mitral 
valve disease, however, pulmonary venous 
pressure can rise gradually to 230mm Hg 
without the development of overt pulmonary 
oedema**—though women with mild or 
moderate mitral stenosis (valve area >1-5 
cm?) in whom acute pulmonary oedema 
develops during pregnancy are a possible 
exception. 

Two main hypotheses have been advanced 
to explain this resistance to pulmonary 
oedema in patients with mitral stenosis. First, 
a decrease in pulmonary microvascular per- 
meability might be the protective mechanism. 
Alternatively pulmonary oedema might be 
prevented by increased lymphatic flow, 
capillary permeability being normal or even 
increased as a result of vascular damage. To 
investigate these hypotheses we estimated 
pulmonary microvascular permeability by the 


non-invasive technique of double isotope 
scintigraphy, first described by Gorin et al‘ 
and subsequently modified by Basran et al.’ 
In invasive experiments 1n sheep, the plasma 
protein accumulation index thus obtained 
closely paralleled the concentration of protein 
measured in the lymph draining from the 
lung.® The plasma protein accumulation index 
therefore provides a non-invasive measure of 
pulmonary microvascular permeability and we 
used it in the present study to examine the 
hypothesis that resistance to pulmonary 
oedema in mitral stenosis is the result of 
decreased pulmonary  microvascular per- 
meability. 


Patients and methods 

PATIENTS 

The study was approved by the local ethics 
committee and all subjects gave their written 
consent. We studied 15 patients undergoing 
cardiac catheterisation for the assessment of 
longstanding mitral stenosis. Each had had 
moderate to severe exertional dyspnoea 
(Canadian Cardiovascular Society grade 2 or 
3) for 4-14 years. Patients had either pure 
mitral stenosis or dominant mitral stenosis 
with mild mitral regurgitation, and in all of 
them the valve area calculated by the Gorlin 
formula was «10 cm’. The diagnosis of 
rheumatic stenosis was based on a history of 
past rheumatic fever and the typical M mode 
echocardiographic features of leaflet thicken- 
ing and commissural fusion. There was no 
other valve disease or cardiac abnormality and 
no evidence of primary lung disease. 

We measured the plasma protein accumula- 
tion in 11 patients who had mild or moderate 
coronary artery disease with normal left ven- 
tricular function, as judged by ventriculo- 
graphy and normal left ventricular end dias- 
tolic pressure (<10 mm Hg). M mode and 
cross sectional echocardiography were normal 
in all of them. Six of these were smokers (5-10 
cigarettes per day) but all had normal lung 
function tests and no evidence of primary lung 
disease. 


PROTOCOL 3 

Before cardiac catheterisation each patent 
underwent full clinical assessment, electro- 
cardiogram, chest x ray, and echocardiogra- 
phy. Lung function  tesung included 
spirometry, single-breath carbon monoxide 
diffusing capacity measurements (DL, and 
Koo), and plethysmographic lung volume 
measurements. In 10 of the patients with 
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Table 1 Baseline cardiopulmonary data (median (range) ) m controls and patients indium 393 keV to the technetium window 


with mural stenosis 141 keV. This ratio counted over the lung 
—————————— — — —  felds was then divided by the same ratio 
Miral stenosis Controls counted over the cardiac area, and the overall 
Age (yx) 61 (97-77) 56 (36-65) quotient Was plotted against time. The plasma 
"radi M 29233 3) protein accumulation index is defined as the 
Bed 26 G 1-3-0) 37 (33-45) slope of this relation and reflects transferrin 
DM (% of predicted) 26 (17-39) M ae efflux and accumulation in the lung fields.5" 
M Kies 12 65 (629-0 be f Hd d The slope of the best-fit straight line was 
Mean PA pressure (mm Hg) 2 (32-0) 2 oo determined by computed linear regression 
Mc DA iss SE) 7 quo 5 (2-8) analysis according to the method of least 
LVEF (%) 65 (60-71) 66 (60-71) squares. 


a o MM 1i 
DM, diffusing conductance, FEV,, forced expiratory volume in one second; FVC, forced vital 


capacity, LVEDP, 


left ventricular end diastolic pressure; LVEF, left ventricular ejection 


fraction; VC, capillary blood volume; PA, pulmonary artery, PW, pulmonary capillary wedge. 


mitral stenosis and in eight of the controls the 
diffusing conductance (DM) of the alveolar- 
capillary membrane and the accessible pul- 
monary capillary blood volume (VC) were 
determined by the method of Roughton and 


Forster? and Keg was measured at oxygen -7 


saturations of 21% and 100%. 


SCINTIGRAPHY 

Pulmonary microvascular permeability was 
assessed by measuring the plasma protein 
accumulation index, which is based on the 
pulmonary accumulation of radiolabelled 
transferrin (molecular weight 88 000). This 
was measured by external radiation detectors, 
and by correcting for any changes in circulat- 
ing blood volume by simultaneously monitor- 
ing radiolabelled autologous red blood cells. A 
modification of the protocols of Gorin’ and 


Bastan’ was used to label transferrin in vivo ` 
by intravenous injecton of 100 MBq of 
` indium-113m chloride solution from a sterile 


generator. Red blood cells were labelled in 
vivo by the intravenous injection of 0 02 mg 
per kg body weight of stannous fluoride with 
0.024 mg per kg body weight of sodium 


medronate, and then after a delay of 15 min-. 


utes, 100 MBq of technetium-99m pertech- 
netate from a sterile generator. After these 
intravenous injections, count rates from both 
radionuclides were monitored in the supine 


‘patient by a large single-crystal gamma 


camera placed posteriorly under the thorax 
and a portable probe over the anterior chest 
wall. The probe acquired data from an area 
approximately 8 cm in diameter and was 
placed alternately over the cardiac area and 
the right upper zone. The duration of scan- 
ning necessary for significant results was 90 
minutes. 


ANALYSIS Í 

The ratio of indium-113m activity to tech- 
netium-99m activity Was calculated for each 
area, after correction for down-scatter from 


Table2 Plasma protein accumulation (PPA) index results 


A regional image of plasma protein 
accumulation index was obtained from the 
gamma camera data; each pixel corresponded 
to a square of side 12 mm on the thorax of the 
patient. By defining regions of interest 
corresponding to each lung, all enclosed pixels 
were averaged to obtain a mean plasma 
protein accumulation index for the individual 
patient. : 

Distribution-free statistics have been used 
throughout. Values are given as median + 
semi-interquartile range, patient groups were 
compared but the Mann-Whitney U statistic, 
and correlations were examined by the Spear- 
man rank correlation coefficient R. 


Results 

GROUP CHARACTERISTICS 

We studied 15 patients with mitral stenosis 
(four men and 11 women, aged 37—77 (median 
62). The five men and six women in the 
control group were aged 36—65 (median 56). 
The patients with mitral stenosis were thus 
slightly older than the controls, and, as ex- 
pected, were predominantly female. All were 
in established atrial fibrillation, unlike the 
controls all of whom were in sinus rhythm. 


LUNG FUNCTION 

As expected the patients with severe mitral 
stenosis had reduced lung volumes (table 1). 
The results for diffusing conductance of the 
alveolar-capillary membrane and for the 
accessible pulmonary capillary blood volume 
showed a wide range of values and in this 
small group of patients were not related to 
age, sex, or severity of mitral stenosis. 


HAEMODYNAMIC VARIABLES 

Left ventricular function as reflected by ejec- 
tion fraction and end diastolic pressure was 
similar in the two groups (table 1). The 
patients with mitral stenosis all had a 
considerable increase in mean pulmonary 
artery wedge pressure to between 21 and 40 
mm Hg. The mean mitral valve gradient for 
10 cycles was between 8 and 18 mm Hg, 
reflecting critical reductions in calculated 





PPA mdex ( x 10?) per minute 





Group No Maximum 
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Figure 1 Examples of 
regional plasma protein 
accumulation images in 
(A) a control subject and 
(B) a patient with severe 
mitral stenosis. 


Figure 2 Mean plasma 
protein accumulation index 
for individual patients. 





valve area (formula of Gorlin and Gorlin) 
which was < 1-0 cm’ in every patient. In most 
there was also mitral regurgitation—mild 
(grade 1) in nine patients but moderate (grade 
2 or 3) in four. Eleven of the patients sub- 
sequently underwent mitral valve 
replacement. 


PULMONARY MICROVASCULAR PERMEABILITY 

Figure 1 shows examples of the regional images 
of plasma protein accumulation index through- 
out both lung fields. In the controls (without 
mitral valve disease or left ventricular impair- 
ment) there was considerable variation from 
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pixel to pixel, but no consistent regiona 
tern, and this is attributed to the low abs 
number of counts from each small pixe 
resulting in noise. In the patients with r 





stenosis there was again some heterogene 
the image but no regional pattern; th 
pixel values were lower than in the contro 
is apparent from fig 1. This difference bet 
the groups is confirmed by calculatior 
mean plasma protein accumulation index 
lung fields in each individual patient 
Though there was a wide range of ind 
plasma protein accumulation va 

group and considerable overlap betw: 
groups, the difference berwi the 
medians was significant (p < 0-02). Mor 


within the mitral stenosis group thi 
plasma protein accumulation index arx 
severity of mitral stenosis as reflected 
Gorlin mitral valve area were strong 
correlated (R = --0:7, p 01) (f 

There were no significant 
tween the plasma protein accumulation inc 
and any other haemodynamic or lung functi 
variables. In particular there was a 
towards correlation with the mean pulmonar 
wedge pressure (fig 4) that did not attai 
statistical significance 


correlatio 


Discussion 

The patients with mitral stenosi 

this study all had severely reduced val 
but despite significant increases in pu 
artery wedge pressures and dilatation 








upper lobe veins none had i 
evidence of interstitial pulmonary a. I 
this study we used a previously validate 
double isotope scintigraphic method 
evaluate pulmonary  microvas 


meability non-invasively in th 
Regional images and mean values of an index 
!P"In-labelled transferrin accumulation in 
lung over a 90 minute period gave an indir 
measure of plasma transferrin efflux—the 
plasma protein accumulation index—reflecting 
the microvascular permeability. The data 
showed that in mitral stenosi 
plasma protein accumulation 
nificantly less than in controls with normal 
mitral valves and normal left ventricular fun 
tion. Furthermore, the degree to whic 
plasma protein accumulation index wa 
reduced correlated closely with 
mitral stenosis as judged by the calculated vah 
area. The patient and control groups were 
comparable age, but there were more wom 

the patient group. 

We found a wide range of values of the mean 
plasma protein accumulation 
individuals within each group and considerabl 
overlap between the groups (fig 2). In som 
subjects the detected counts showed 
able fluctuation during the acqui 
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and when linear regression was used to find th 
best-fit straight line, the result was a negative 
plasma protein accumulation index. W 
attribute this to the high noise-to-signal ratio 





this dual isotope method; our range of valu 
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Figure 3. Relation 
between plasma protem 
accumulation index and 
the severity of mitral 
stenosis. 


Figure 4 Lack of relation 
between plasma protein 
accumulation index and 
the mean pulmonary 
capillary wedge pressure 
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the control group was similar to those reported 
by other workers.” ° 

Factors affecting the formation of pulmonary 
interstitial fluid are described by the Starling 
equation," which may be written: 

F/A = K(AP — s.AIT) 

where F/A is the net rate of flow from capillary 
lumen to interstitial space per unit area of 
capillary wall, AP is the difference in hydro- 
static pressure, AJT is the difference in colloid 
osmotic pressure, K is the- apparent liquid 
filtration coefficient (hydraulic conductivity), 
and s is the reflection coefficient for colloids at 
the capillary wall. The pulmonary capillary 
hydrostatic and osmotic pressures are relatively 
easily estimated (as pulmonary wedge pressure 
and plasma colloid osmotic pressure) and their 
independent influences on the development of 
pulmonary oedema are now well estab- 
lished.! The other terms are difficult to 
measure non-invasively in humans but may be 
equally important in determining pulmonary 
oedema. Changes in pulmonary microvascular 
permeability have been postulated in cases of 
pulmonary oedema related to hypoxia,” adult 
respiratory distress syndrome, pulmonary 
embolism,” and lung re-expansion.'ó Indirect 


_ evidence of capillary permeability changes in 


pulmonary and renal beds has recently been 
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reported in patients with adult respiratory 
distress syndrome." Increased pulmonary 
microvascular permeability was measured 
more directly in animal studies when pulmon- 
ary oedema was induced by haemorrhagic 
shock or by inhaled or circulating toxins." 
Because our patients had normal plasma 


. oncotic pressures (as reflected by albumin and 


total protein concentrations) the mechanism 
protecting against pulmonary oedema in the 
face of high capillary hydrostatic pressures 
must lie in complex alterations in pulmonary 
interstitial pressures favouring fluid retention 
within the vascular space, reduced pulmonary 
microvascular permeability (embraced by the 
K and s.parameters in the Starling equation 
above), or increased and rapid lymphatic drain- 
age of interstitial fluid. 

Interstitial pressures in the lung cannot be 
measured clinically and their role, if any, in 
protecting against oedema formation in mitral 
stenosis remains unknown. Direct measure- 
ment of pulmonary microvascular permeability 
has also been impossible but it has long been 
suspected that reductions in permeability 
might be the protective mechanism. Since 
1936, numerous investigators have reported 
appreciable thickening of the layer between the _ 
capillary lumen and the alveolar gas space in 
patients with mitral stenosis,?"? but there have 
been no studies to evaluate the physiological 
significance of this histological observation. 
The double isotope scintigraphic technique 
developed by Gorinf and modified for use in 
patients by Basran’ is a non-invasive method 
that is ideally suited to this purpose. Our 
finding that the plasma protein accumulation 
index in patients with mitral stenosis was 
significantly less than in controls suggests that 
the rate of transferrin efflux was reduced by 
parallel reductions in pulmonary micro- 
vascular permeability. i 

The changes in the pulmonary microcircula- 
tion in mitral stenosis have attracted much 
attention, and the explanation of the resistance 
to pulmonary oedema has been the subject of 
debate.?*?5 Though the Starling equation des- 
cribes the principal determinants of fluid flux 
across the capillary wall, the level of interstitial 
fiuid also depends on the dynamics of lym- 
phatic flow draining protein and fluid back into 
the circulation. Thus increased lymphatic flow 
might protect against pulmonary oedema. 
Indeed, there was histological evidence of 
dilated pulmonary lymphatic vessels in biopsy 
material from patients with chronically raised 
left atrial pressure.7? Moreover, in animal 
models of chronic pulmonary venous hyper- 
tension, considerable increases in pulmonary 
lymphatic flow were reported? though the 
correlation with lung water was generally 
poor.” 

Does our finding of a reduced plasma protein 
accumulation index in severe mitral stenosis 
reflect rapid clearance of the radiotracer in a 
hyperdynamic lymphatic system, rather than 
altered pulmonary microvascular per- 
meability? This interpretation of our data is not 
supported by the original animal experiments 
in which double isotope scintigraphy was used 
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to examine protein fluxes in the lung." In these 
experiments it was found that the plasma 
protein accumulation index closely paralleled 
the protein concentrations in pulmonary 
lymph (and thus pulmonary microvascular 
permeability) rather than the volume of lym- 
phatic flow. Based on these data, the reduction 
in plasma protein accumulation index in our 
patients with severe mitral stenosis indicates 
reduced pulmonary  microvascular  per- 
meability rather than increased lymphatic 
clearance. 


CONCLUSIONS 

Pulmonary microvascular permeability; as 
measured by the plasma protein accumulation 
index of transferrin efflux, was significantly 
reduced in severe mitral stenosis. Further- 
more, the extent of this reduction correlated 
with the severity of the mitral stenosis, as 
reflected by the calculated valve area. The 
resistance to pulmonary oedema of patients 
with severe rheumatic mitral stenosis may at 
least in part be attributable to a decrease in 
pulmonary microvascular permeability. It is, 
however, likely that other mechanisms also 
contribute, such as increased left atrial size and 
compliance and increased pulmonary lym- 
phatic drainage. 
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Syndrome X and hyperventilation 


N P Lewis, S J Hutchison, N Willis, A H Henderson 


Abstract 

The cardiorespiratory responses to exer- 
cise and forced hyperventilation were 
measured in 17 unselected patients with 
syndrome X (angina, positive exercise 
test, normal coronary arteriogram, no 
other cardiovascular disease) and com- 
pared with those in 15 healthy subjects. 
Forced hyperventilation produced 
hypocapnia and metabolic alkalosis but 
no chest pain or electrocardiographic 
change. Patients with syndrome X 
showed reduced maximum oxygen con- 
sumption with an increased respiratory 
exchange ratio at peak exercise, confir- 
ming that exercise was' limited by 
skeletal muscle perfusion—and thus that 
the increase in cardiac output with exer- 
cise is limited in syndrome X as in heart 
failure. Arterial carbon dioxide tension 
(Pco,) homoeostasis during exercise was 
normal but the ventilatory cost of car- 
bon dioxide excretion was increased in 
syndrome X (as in heart failure). End 
tidal Pco, measurements correlated only 
poorly with. arterial Pco, in individual 
patients with syndrome X, providing a 


possible explanation for previous 
reports, based on end tidal Pco, of inap- 
propriate hyperventilation. 


Patients with syndrome X did not 
show inappropriate hyperventilation but 
they did show hyperventilation that was 
appropriate to maintain normal arterial 
Pco, in the face of reduced cardiac 
reserve. 


Most patients with chest pain and normal 
coronary arteriography have non-cardiac pain 
that is musculoskeletal or oesophageal in 
origin.'? A few are thought to have true 
angina attributable by inference to an 
impaired coronary dilator response at the 
microvascular level (syndrome XY * though in 
the absence of a directly documented vascular 
abnormality or known pathogenetic mechan- 
ism the existence of this syndrome is not 
universally accepted. Because of this uncer- 
tainty, some have ascribed the symptoms to 
hyperventilation,” which would accord with 
the low end tidal partial pressure of expired 
carbon dioxide.’ Hyperventilation has indeed 
been shown to induce electrocardiographic 
ST segment depression," and alkalosis that is 
associated with hyperventilation can induce 
coronary vasoconstriction.? To investigate the 
possible contribution of hyperventilation in 


these patients, we studied the cardiore- 
spiratory response to exercise and hyperven- 
tilation in an unselected group of patients with 
syndrome X (defined as typical stable effort 
angina, a positive exercise test, and a normal 
coronary arteriogram in the absence of other 
cardiovascular disease). 


Patients and methods 
PATIENTS 
We studied 17 patients (mean age 50 years, 
range 40-67 years; eight men), all of whom 
gave an independently confirmed history con- 
sidered to be typical of effort angina (mean 
duration 3-9 years) with no other evidence of 
cardiovascular disease on clinical examination, 
chest radiograph, echocardiogram, or left ven- 
tricular angiogram; and in all of whom the 
coronary arteriograms were independently 
confirmed as entirely normal. No patient had 
hypertension or diabetes. Two patients 
smoked, and five were ex-smokers. Eleven 
patients were taking regular medication (four 
with fl blockers, seven with calcium antagon- 
ists, four with long acting nitrates). The rest- 
ing electrocardiogram was normal except in 
three patients with left bundle branch block. 
Exercise tolerance was limited in all patients, 
to the equivalent of New York Heart Associa- 
tion category II (15 patients) or III (two 
patients): in all patients treadmill exercise 
showed diagnostic ST segment depression 
(21mm horizontal or downsloping ST 
segment) or left bundle branch block (in five 
patients, exercise-related in two). All patients 
had normal respiratory function tests (spiro- 
metry, lung volumes, and transfer factor). 

We studied 15 healthy individuals (mean 
age 47 years, range 22—75 years, eight men) as 
controls. 


PROTOCOL 

Patients and controls performed maximum 
treadmill exercise tests (Weber or standard 
Bruce protocol, selected as appropriate for 
exercise capacity) and 3 minutes of forced 
hyperventilation after familiarisation with the 
procedures (with 30 minute rest periods 
preceding each procedure) >2 hours after a 
meal and >24 hours after stopping medica- 
tion. The study was approved by the local 
ethics committee. 

Respiratory gas exchange was measured as 
decribed elsewhere.” During the first exercise 
test, expired gas from a face mask (Hans 
Rudolph 7900) was carried to a 7 litre mixing 
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Table Heart rate, systolic blood pressure, maximum oxygen consumption, respiratory exchange ratio (n = 17) and 
arterial and end tidal gas measurements (n = 13) from both exercise tests in patients with syndrome X. (The mean 
data for patients without left bundle branch block are given tn italic and tn parentheses, n = 12 and 9 respectively ) 





Rest 50% of maximum exercise Maximum exercise 
Heart rate (per min) 81 (16) (74) — 135 (26) (128) 
SBP (mm H 125 (13) (126) — 160 (22) (160) 
Vo, max (ml/min/kg) — — 20 1 (44) (20 1) 
RER 07(01) (07) — 11(01)(1 1) 
co, ET (mm Hg) 35 (4) (35) 38 (4) (38) 37 (4) (37)* 
Paco, (mm Hg) 37 (4) (37) 39 (4) (39) 36 (3) (36)* 
pH 7-43 (0 04) (7 44) iu V n 7 40 (0 06) (7 39) 
Bicarbonate (mmol/l) 26 (1) (26) 25 (1) (2. 24 (3)* (23) 
Pao; (mm Hg) 92 (13) (93) 92 (7) (31) 100 (9)* (100) 


SBP, systolic blood pressure; Vo; max, maximum oxygen consumption, RER, respiratory exchange rano (Vco,/Vo,), co;ET, end 


udal Pco,, Paco,, arterial Pco,, Pao, arterial Po,. 
*p < 0 05 compared with resung value (analysis of variance) 


box (Airspec) to allow measurement of minute 
ventilation, oxygen consumption, and carbon 
dioxide elimination by argon dilution and 
mass spectrometry (Airspec 2200) corrected to 
standard temperatures and pressures dry." 
During the second exercise test and the forced 
hyperventilation test a capillary tube contin- 
uously sampled expired air from within the 
face mask to measure respiratory rate and end 
tidal oxygen and carbon dioxide, averaged 
over the sampling period of 30 seconds; end 
tidal carbon dioxide values were corrected as 
previously described. Heparinised arterial 
blood samples were taken during all these 
procedures (via an indwelling arterial cannula 


inserted 30 minutes before any measurement) 


for blood gas analysis in 13 of the 17 patients. 

The relation of minute ventilation to min- 
ute carbon dioxide production during exercise 
was analysed by linear regression. Data are 
presented as mean (1 SD). Repeated measures 
in the same individual were analysed by 
analysis of variance. Other data were com- 
pared by paired or unpaired Student's : test as 
appropriate. Probability values of < 0-05 
were regarded as significant. 


i! Results 


During voluntary forced hyperventilation the 
respiratory rate increased (from 12(5) to 31(7) 
per minute), arterial Pco, and end tidal Pco, 
fell (from 36(4) to 23(5) mm Hg and from 
33(3) to 20(6) mm Hg, respectively), and pH 
increased (from 7-4(0-04) to 7-6(0-10) ), with- 
out chest pain or PIEEO change 
in any individual. 

The table shows the exercise test data for 
patients with syndrome X. The patients had 
similarly limited exercise duration in both 
tests (10-2(2-6) and 9-9(2-5) minutes), and 
maximal oxygen consumption was less than in 
the controls (20-1(4-4) v 29-7(7-2) ml/min/kg, 
p < 0-001). Exercise was limited by chest 
pain in 14 (including two of tbe patients with 
fixed left bundle branch block and one with 
left bundle branch block induced by exercise), 
and by dyspnoea (a patient with fixed left 


'bundle branch block), fatigue, and hypoten- 


sion (40 mm Hg fall in systolic blood pressure 
in a patient with left bundle branch block 
induced by exercise) in one patient each. In all 
these patients there was diagnostic electrocar- 


diographic evidence of myocardial ischaemia 
or left bundle branch block. At maximum 
exercise the respiratory exchange ratio (min- 
ute carbon dioxide/minute oxygen consump- 
tion) was increased to 1:1 (0-1) as in the 
healthy controls (compared with 0 7 (0 1) at 
rest). At peak exercise, there were very small 
reductions in arterial Pco,, bicarbonate, and 
pH, reflecting a compensated metabolic 
acidosis; but arterial Pco, was normal at 50% 
maximum exercise. There was thus no 
evidence of inappropriate hyperventilation. 
The relation between minute ventilation 
and minute carbon dioxide (VE/Vco,) on 
exercise was linear in all syndrome X patients 
(all r 2 0 92) as it was in the healthy controls 
(figure); the slope (m) of thus relation was, 
however, significantly steeper (32:3(4:6) v 
26 2(5 0), p « 0-01), though the minute ven- 
tilation axis intercepts (c) were similar 
(2-6(1 9)I/min v 2-6(2-2)l/min). The ventila- 
tion required for carbon dioxide elimination 
was thus increased in patients—for example at 
a minute carbon dioxide production of 1 1/ 
min, 1t was 34 9(4-2) compared with 27-9(4 3) 
I/min 1n the healthy controls (p « 0 001). In 
individual syndrome X patients end tidal Pco, 
correlated poorly with arterial Pco, both at 


VE (l/min) 


© Control 
@ Syndrome X 





Veo, (l/min) 


Figure Relation between minute ventilation and minute 
carbon dioxide production during exercise in a healthy 
control and a patient mth syndrome X. Minute ventilation 
axis intercepts were similar 1n both, but the slope (37:5) 
was steeper tn syndrome X than in the healthy control 
(28 2). The r values of both linear regressions are 0 99. 

VE, minute ventilation; VCO, minute carbon dioxide 


production. 
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rest. (r = 0-36, NS) and during exercise 
(r = 0-44, NS), though it correlated well dur- 
ing forced hyperventilation (r = 0-86, 
p < 0-001). 

The findings did not differ in patients with 
left bundle branch block and without. For the 
12 patients without left bundle branch block 
(mean age 49 years, range 40—67 years, five 
men) the exercise duration in the two tests 
were 10-1(1-4) and 9-9(1 8) minutes and exer- 
cise was limited by chest pain in 11 and 
fatigue in one. Haemodynamic changes, max- 
imum oxygen consumption, and arterial gas 
changes during exercise were similar in the 12 
patients without left bundle branch block (see 
table), as were the minute ventilation/minute 
carbon dioxide relations (slope, m = 
33-2(4:5), p « 0:01 compared with controls; 
ventilation axis intercept, c = 2°7(1-9)l/min). 


Discussion 

Since the advent of coronary’ angiography, 
reports on patients with “chest pain with 
normal coronary arteries" have accumulated, 
but the- patients have not always been 
rigorously characterised nor have.there been 
agreed criteria to define such patient groups. 
Among possible causal mechanisms for 
the symptoms, hyperventilation has been 
suggested with supportive evidence from 
measurements of end tidal Pco,. 


We therefore investigated a group of patients : 


selected solely because they fulfilled pre- 


defined criteria for what has come to be known - 


as syndrome X. We included patients with 
exercise induced or fixed left bundle branch 


. block because in patients with syndrome X left 
: bundle branch block can develop; analysis of . 


the data showed similar findings whether or not 
patients with left bundle branch block were 
included. 

Voluntary forced hyperventilation caused 
the expected reduction in arterial Pco, and 
respiratory alkalosis but it did not induce chest 
pain or electrocardiographic change. The 
patients were therefore studied during formal 
exercise testing. As in the healthy controls, 
arterial Pco, was maintained within a narrow 
range by matching the ventilatory clearance of 
carbon dioxide to its increased metabolic rate of 
production.” * At maximum exercise there was 
only a small reduction in arterial Pco,, compen- 
sating for the onset of anaerobic meta- 
bolism.? ^ There was no evidence of altered 
arterial Pco, setpoint or inappropriate 
hyperventilation either at rest or during 
exercise. Inappropriate hyperventilation thus 
does not seem to be the cause of symptoms in 
patients with syndrome X as here defined. 

Patients with syndrome X, however, showed 
reduced maximum oxygen consumption, with 
metabolic acidosis at peak exercise, implying 
that exercise was limited by perfusion to the 
exercising skeletal muscle as in heart failure; 
this is consistent with reported evidence of 
cardiac dysfunction in syndrome X.” 
Moreover, the ventilatory cost of carbon 
dioxide clearance was increased in patients 
with syndrome X, a finding also characteristic 
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of patients with congestive heart failure.'7 
The increase in carbon dioxide production 
resulting from the increased work of exercise, 
the increased respiratory exchange ratio as 
anaerobic metabolism developed at peak 
exercise, and the increased ventilation needed 
to excrete carbon dioxide all contributed to 
increased ventilation in these patients—or what 
might be called appropriate hyperventilation 
because it maintained normal arterial Pco,. 

End tidal Pco, values correlated well with 
arterial Pco, values in the group as a whole, as 
was reported in healthy controls, but the 
correlation in individuals was poor (except 
during forced hyperventilation). This is con- 
sistent with the increase in physiological dead- 
space implied by the increased ventilatory cost 
of carbon dioxide excretion in these patients.” 
Practically, it indicates that measurements of 
end tidal Pco, cannot be used as an indicator of 
arterial Pco, in individual patients with 
syndrome X, as was done in earlier studies that 
suggested that hyperventilation was a common 
cause of symptoms in patients with “chest 
pain” and normal coronary arteries.’ 

We found no evidence of inappropriate 
hyperventilation in patients with syndrome X, 
but we did find evidence of appropriate 
hyperventilation that seemed to result from an 
increase in physiological deadspace as is typical 
of other patients with reduced cardiac reserve. 
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Doppler ultrasound and the silent ductus 


arteriosus 


A B Houston, J P Gnanapragasam, M K Lim, W B Doig, E N Colema 


Abstract 

A clinically undetectable, small ductus 
arteriosus was identified by Doppler 
ultrasonography in 21 individuals. 


Infants were excluded from the study 
and no patient had pulmonary hyperten- 
sion. Persistence of the ductus arteriosus 
is likely to be more common than shown 
by less sensitive diagnostic methods. 
Some patients considered to have infec- 
tive endocarditis with a normal heart 
may have a silent ductus arteriosus. 
Evidence of such an association would 
justify ligation or antibiotic cover as 
prophylactic measures. 


The classic continuous murmur of ductus 
arteriosus is usually sufficient in itself to lead 
to surgical closure being undertaken. 
However, the murmur may be atypical in 
infancy or in the presence of pulmonary 
hypertension or a large shunt." The term 
"silent duct” was coined to describe the pre- 
term infant with respiratory distress syn- 
drome in whom the ductul murmur is not 
heard.’ Doppler ultrasonography has led to 
the recognition of a small ductus arteriosus 
with normal pulmonary artery pressure which 
cannot be identified clinically. 

We report our experience in identifying 
such a "silent duct" in 21 patients examined 
clinically and by ultrasonography over a three 
year period. 
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Colour Doppler flow mapping image from a child with a silent ductus arteriosus 


showing flow from the aorta ( Ao) into the pulmonary artery (PA). 
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Table2 Types of 
murmur and other 
clincal findings in 21 
patients with a clinically 
silent ductus artertosus 





No murmur (6) 
Kawasaki disease (1) 
Marfan's syndrome (1) 
"Tuberous sclerosis (1) 
Referred with an 
innocent murmur (1) 
Five years after ligation 
of duct (1) 
Demonstration scan in a 
25 year old (1) 
Innocent murmur (13) 
Soft basal mid-systolic 
murmur (7) 
Suls murmur (6) 


Soft murmur of other 
defect (2) 

Small muscular 
ventricular septal 
defect with a soft 
pansystolic murmur at 
the lower left sternal 
edge (D 

Mitral valve prolapse 
with a soft pansystolic 
murmur at the apex 15 
years after ligation of 
duct (1) 





Numbers of patients are 
indicated in parentheses. 


'Tablel Age and sex distribution of 21 patients with a 
silent ductus arteriosus 
INIM Tc —— ey 


Number of cases 








Age group ?6 in random 
(yr) Males Females — Total sample of 360 
1-5 4 4 8 49 
6-10 H 6 7 17 
11-15 3 2 5 F.: 
Over 15 — 1 I 4 





shows the age distribution from a random 
sample of 360. 

Although most children undergoing 
echocardiography had a murmur there were 
some with no clinical cardiovascular abnor- 
mality, such as patients with Kawasaki dis- 
ease, Marfan’s syndrome, neurological abnor- 
malities associated with cardiac abnormalities, 
and those on anthracycline treatment in whom 
left ventricular function was being monitored. 
Exact numbers of these patients were not 
recorded. Some patients with innocent mur- 
murs were studied as part of another study. In 
a sample of 720 consecutive ultrasound 
studies no cardiac abnormality was detected in 
36%. 


Results 
On the basis of the above criteria we identified 
clinically silent ducts in 20 children over the 
age of 12 months who underwent echocar- 
diography during a three year period and in 
one adult who had an ultrasound scan for 
demonstration purposes. Six patients had no 
murmur, two had soft murmurs of other 
defects, and the remaining 13 had innocent 
murmurs (table 2). Two had previously 
undergone surgical ligation of the ductus 
arteriosus. The distribution of the children 
was similar in the three age groups of 1-5 
years, 6-10 years, and 11-15 years though 
more younger children had been studied 
(table 1). In no patient was the duct visible on 
cross sectional imaging and in all the left 
ventricular size and function were normal. 
Silent ducts were also found in several 
patients with other defects and relatively loud 
murmurs but these were not included because 
of the stringent criteria used for the definition 
of the "silent duct”. 


Discussion 

The findings on auscultation of the ductus 
arteriosus were comprehensively reviewed by 
Marquis.^ He highlighted the fact that when 
surgical ligation became a practical procedure 
the clinical diagnosis of a ductus arteriosus was 
judged untenable in the absence of a contin- 
uous murmur. Subsequent experience? 
showed that the classic continuous murmur 
was not always present. The murmur could be 
confined to systole, when it was characteris- 
tically a crescendo with late systolic accentua- 
tion. Most cases of an atypical murmur were 
associated with a very large ductal flow or 
pulmonary hypertension.'^ Rowe described a 
group of patients who presented with non- 
specific murmurs, clinically not of ductal 


Houston, Gnanapragasam, Lim, Doig, Coleman 


origin, and in whom invasive investigations 
showed a trivial duct/^; these patients resemble 
the group that we studied. 

We describe the identification of a ductus 
arteriosus by Doppler echocardiography in 
patients who were later reassessed by experi- 
enced cardiologists with the possibility of the 
diagnosis in mind; they could find no clinical 
evidence of a ductus arteriosus. The ultrasound 
detection of a silent ductus arteriosus is simple 
and this diagnosis will become increasingly 
common as sensitive Doppler echocardio- 
graphic techniques become more widely used. 
Before the introduction of Doppler techniques 
a ductus arteriosus would not have been recog- 
nised in these patients. Our patients came from 
a group who were referred for ultrasound 
studies for various reasons (table 2). Thirteen 
had been referred with an innocent murmur 
and in six no murmur was audible. In addition, 
ductal flow which could not be detected clin- 
ically was demonstrated in patients with other 
defects who were excluded because the mur- 
mur of the other lesion (such as aortic stenosis, 
coarctation of the aorta, or ventricular septal 
defect) was loud at the upper left sternal edge. 
The findings indicate that as many as 0-5% in 
those presenting with innocent murmurs may 
have a ductus arteriosus. Because our patients 
are from a selected group we cannot estimate 
the incidence of a ductus arteriosus in the 
general population. It is likely to be higher than 
that estimated by previous diagnostic methods 
(0-06594).! 

Early reports of a high incidence of infective 
endocarditis in those with a ductus 
arteriosus’ led to the view that closure is the 
appropriate treatment. Should this recommen- 
dation apply to a ductus arteriosus that is so 
small that it evades clinical detection? The 
patient is certainly not at risk from pulmonary 
vascular disease or cardiac failure and the only 
possibility that needs to be considered is infec- 
tive endocarditis. If the incidence of infective 
endocarditis in those with a clinically apparent 
duct (40%)' ? was found in those with a silent 
duct it seems likely that the association would 
have been recognised before now. However, it 
is possible that patients considered to have 
infective endocarditis in a normal heart may 
have a minor abnormality such as a tiny duct. 
At present we do not recommend either closure 
or antibiotic prophylaxis; but further 
experience may modify our policy. We explain 
the nature of the lesion to patients or parents 
and stop routine follow up examinations. We 
maintain a register of their names so that if 
opinion changes they can be recalled. 

Two patients in our group had previously 
undergone surgical ligation of a duct. In one 
patient no murmur was audible and in the other 
only the murmur of mitral valve prolapse was 
present. However, Doppler ultrasonography 
identified a tiny residual ductal flow in both. 
There have recently been reports of the finding 
of tiny, clinically inaudible residual leaks 
detectable only by detailed Doppler ultrasound 
in some patients who had undergone trans- 
catheter umbrella occlusion of a ductus 
arteriosus.'?'* But it should be borne in mind 
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that clinically undetectable trivial residual flow 
may occur after surgical ligation as shown in 
two of our patients. 

Doppler ultrasonography can identify 
previously unrecognised features of the pattern 
of blood flow in the heart and vessels. Some of 
these may be the apparently normal finding of 
physiological valve regurgitation” and others a 
minor abnormality such as the silent ductus 


.arteriosus. Do patients with a silent ductus 


arteriosus require prophylaxis against infective 
endocarditis? Doppler ultrasound examination 
of patients with infective endocarditis but 
without clinically recognisable antecedent 
heart disease and long term prospective studies 


may establish the place of antibiotic pro- 


phylaxis. 


We thank MrE P M » Mr S Lilley, Mr RA Fraser, and Mr 
G Olafason who made the ultrasound diagnosis in many of the 
subjects. 
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Fatal aortic rupture during balloon dilatation of 


recoarctation 


Seshadri Balaji, Rachel Oommen, Philip G Rees 


Abstract 
In an eight year old boy with a patch 
aortoplasty, the aorta ruptured during 
balloon angioplasty for recoarctation. At 
necropsy a 1:5 cm long, full thickness 
tear and a separate, smaller, intimal tear 
were found. Histological examination 
showed thinning of the elastic laminae of 
the aorta. 

Angioplasty for recoarctation may be 
dangerous in patients with a patch aorto- 
plasty. 


Balloon angioplasty is now an accepted 
method for the relief of recoarctation of the 
aorta.'^ There are six reports of death after 
this procedure.’ ^ Cooper er al, from our hos- 
pital, reported successful balloon angioplasty 
with no mortality in 46 patients.' We report a 
case of fatal aortic rupture after balloon angio- 
plasty by the same technique as reported by 
Cooper et al.’ 


Case report 

We performed balloon angioplasty for reco- 
arctation in an eight year old symptom free 
child. He had undergone resection and end to 
end anastomosis at the age of 12 days, fol- 
lowed by patch aortoplasty for recoarctation at 
the age of five months, and closure of ostium 
primum atrial septal defect when he was four 
years old. He had persistent upper limb 
hypertension controlled by enalapril, poor 
femoral pulses, and evidence of left ven- 
tricular hypertrophy on the electrocardiogram 
and the echocardiogram. Doppler examina- 
tion of his descending aorta showed an instan- 
taneous gradient of 36 mm Hg with flow 
extension to diastole typical of a coarctation. 
At catheterisation a peak to peak gradient of 
20 mmHg was found and angiography 
showed two indentations on the inner curve of 
the aorta just distal to the left subclavian 
artery (fig 1). 

We used angiographic methods described 
elsewhere’ to measure the diameter (14 mm) 
of the aorta immediately proximal to the co- 
arctation. Balloon dilatation was performed 
initially with a 15 mm diameter and 3 cm long 
balloon (Meditech). We did not use mano- 
metry to determine balloon pressure because 
we had found that it was usually not possible 
to overinflate a balloon to a diameter greater 


than its manufactured one. On the second 
inflation the balloon burst. Repeat angio- 
graphy showed that the recoarctation was 
unchanged. A 12mm diameter, 4cm long 
balloon (Olbert Catheter System) was re-sited 
across the coarctation with the same guide 
wire and inflated twice. During the deflation 
phase after the second inflation there was 
sudden opacification of the upper lobe of the 
left lung, blood came from the endotracheal 
tube, and blood pressure fell. A full resuscita- 
tion procedure was instituted and an emer- 
gency left thoracotomy carried out; haemo- 
stasis was achieved with difficulty. Despite 
vigorous attempts at resuscitation the child 
deteriorated and he died 4 hours after the 
procedure. 

At necropsy there was a longitudinal tear 
(1:5 cm) in the aorta adjacent to the patch. It 
extended through all layers (fig 2). The upper 
lobe of the left lung was wrapped around the 
aorta with dense adhesions. There was a 





Lateral cineangiogram of the aorta showing 
two discrete areas of stenosis (arrows). A, anterior; 
C, cranial. 


Figure 1 
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Figure 2. Appearance of 
the aortic wall after death 
‘seen from the intemal 
surface). There was a full 
thickness through the 
aortic wall ( A-B), and a 
separate intimal tear 
(C-D). 





separate intimal tear (0:5 cm long) opposite 
the patch (fig 2). 


Discussion 

Balloon angioplasty has been hailed as a major 
advance in the treatment of recoarctation of 
the aorta.’ Six deaths have been reported after 
this procedure. Kan er al reported one death 
that was thought to be due to a vagal event.' 
Hellenbrand et a/ recently reported the results 
of the Valvuloplasty and Angioplasty of Con- 
genital Anomalies (VACA) registry. There 
were five deaths in a group of 200 patients 
undergoing balloon angioplasty for recoarcta- 


tion.” Of these, only one was due to aortic 
rupture. Hellenbrand et al did not report the 
initial surgery undergone by this patient 

The Boston group (J E Lock, personal 
communication) have performed balloon 
angioplasty on 32 patients after patch aorto 
plasty with no complications. They have sug 
gested to us that when the initial balloon burst 
it produced aortic damage because of the 
sudden release of shear forces and that th 
subsequent inflations enlarged the tear and 
resulted in rupture. 

If the aorta ruptures we believe that thi 
balloon should be reinflated across the rup 
tured segment and surgical repair 
immediately. More experience of the effects of 
angioplasty is likely to identify specific sub 
groups in which balloon angioplasty is hazar 
dous. We did not think that patch aortoplasts 
was a contraindication to balloon angioplasty 
and we had already achieved good results in 
four patients.’ 

Until more is known about the results of 
balloon angioplasty for aortic recoarctation we 
propose that this procedure should be avoided 
in patients with patch aortoplasty. We believe 
that further inflations should be avoided after 
a balloon has burst across an area where the 
vessel wall is likely to be thinned 


Started 
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Fatal pneumococcal septicaemia associated with 
asplenia and isomerism of the right atrial 


appendages 
I A Murdoch, R Dos Anjos, A Mitchell 


Abstract 

A 22 month old male infant with isomer- 
ism of the right atrial appendages 
(associated with a complete atrioven- 
tricular septal defect, double outlet right 
ventricle, and pulmonary valve stenosis) 
died from pneumococcal septicaemia 
after a 36 hour illness. He had not been 
given penicillin prophylaxis. Asplenia 
was confirmed at necropsy. 

In a survey of 50 paediatric cardiolo- 
gists in the United Kingdom, 13 (33%) of 
the 40 (80%) who replied did not advise 
any prophylactic measures against 
pneumococcal infection in patients with 
isomerism of the right atrial appendages. 


Isomerism of the right atrial appendages is 
usually found in association with severe forms 
of cyanotic congenital heart disease.' It is 
almost always associated with asplenia.’ This 
may predispose the child to infection by 
Streptococcus pneumoniae, Neisseria menin- 
gitidis, and Haemophilus influenzae.’ 

Daily prophylactic penicillin and vaccina- 
tion with a pneumococcal vaccine (Pneumo- 
vax) have both been shown to reduce the 
incidence of pneumococcal infection in 
patients with asplenia.*? 

We report this case to highlight the contin- 
ued need for awareness of the increased infec- 
tion risk in children with isomerism of the 
right atrial appendages. This case also promp- 
ted us to send a questionnaire to 50 paediatric 
cardiologists in the United Kingdom to see 
what were their current recommendations for 
prophylaxis in children with this type of 
defect. Forty (8094) replied and the results are 
reported. 


Case report 

A male infant was noted to be cyanosed at 
birth. Having failed a hyperoxia test he was 
transferred for cardiac assessment when he 
was one day old. 

Physical examination showed a cyanosed 
infant weighing 40 kg with a 3/6 ejection 
systolic murmur that was loudest at the 
second left intercostal space. An echocar- 
diogram showed isomerism of the right atrial 
appendages. The pulmonary veins drained to 
the left sided atrium. There was a complete 
atrioventricular septal defect with a double 
outlet right ventricle. In addition, there was 
pulmonary valve stenosis with a Doppler 
estimated gradient of 36 mm Hg. 


His cyanosis worsened and when he was 10 
days old a modified right Blalock-Taussig 
shunt was constructed with a 5 mm polytetra- 
fluroethylene (Gore-tex) graft. The post- 
operative course was uneventful. He was 
discharged. He remained well and continued 
to thrive. No prophylactic penicillin was 
advised. 

When he was 22 months old, after a short 6 
hour febrile illness he became lethargic and 
stuporose. He was admitted to the local 
hospital where a full screen, including a lum- 
bar puncture and a urine screen for 
pneumococcal antigens, was performed. 

'Treatment with intravenous benzylpeni- 
cillin (50 mg/kg four hourly) and gentamicin 
(3 mg/kg eight hourly) was started. Six hours 
later there was further deterioration in his 
level of consciousness and he was transferred 
to the regional paediatric intensive care unit. 

On arrival he was hypotensive with a sys- 
tolic blood pressure of 50 mm Hg and with a 
temperature gap of 10°C between the core and 
periphery. He was given colloid and treatment 
with dobutamine (10 ug/kg/min) and dopa- 
mine (3 g/kg/min) was started. Initial 
haematological investigations showed a nor- 
mal white cell count (6:7 x 10?/1 and evidence 
of disseminated intravascular coagulation. 

Echocardiography showed that the Blalock- 
Taussig shunt was patent and no intracardiac 
vegetations were seen. Ventricular function 
was also normal. Blood cultures taken at the 
local hospital isolated Streptococcus pneu- 
moniae at 24 hours; the organism was fully 
sensitive to penicillin. 

Despite treatment, bradycardia and 
hypotension developed after 36 hours of ill- 
ness and he died. At necropsy no vegetations 
were seen in either the heart or on the shunt 
and no splenic tissue was found. 


Results of survey 

Forty (80%) paedatric cardiologists responded 
to the survey. Half of the respondents recom- 
mended daily penicillin and pneumococcal vac- 
cination in children with isomerism of the right 
atrial appendages. Four (10%) recommended 
penicillin alone and three (7%) recommended 
only pneumococcal vaccination. "Thirteen 
(33%) recommended neither. 

Twenty one of the 24 (60%) who recommen- 
ded penicillin prophylaxis would have started it 
at the time of diagnosis. Three consultants 
would have waited until the child was 6-12 
months old before starting prophylaxis. 
Twenty two recommended its indefinite use, 


one suggested stopping it at eight years of age, 
and the other immediately after pneumococcal 


vaccination, which was at three os of age in- 


their unit. 

Twenty three (57%) vecimmerded 
pneumococcal vaccination as part of their 
prophylaxis policy, and 20 would have 
combined it with penicillin. One would have 
stopped penicillin on vaccinstion and two 
recommended pneumococcal vaccination 
alone. The timing of the pneumococcal vaccin- 
ation was variable. About half (12 paediatric 
cardiologists) suggested vaccination at two 
years of age, two (10%) at three years, two 
(10%) at some time between the age of six to 


twelve months, and the remaining seven (2096) 


left it to the discretion of the local paediatrician. 
One consultant also recommended that the 
Haemophilus influenzae and meningicoccal vac- 
cines should also be given. 


Discussion 
About 1% of infants with congenital heart 
disease have isomerism of the right atrial 
appendages.! In life this is usually diagnosed 
when echocardiography shows that the aorta 
and inferior vena cava are positioned on the 
same side of the spine.$ 

Isomerism of the right atrial appendages is 
almost always associated with asplenia.? A 
review of 52 patients with asplenia and 
congenital heart disease by Waldman et al 
showed that most died of their associated 
congenital heart defect in the first year, usually 
in the first month; after this period the com- 
monest cause of death was infection. As sur- 
gical techniques improve, more children with 
isomerism of the right atrial appendages may 
survive longer and the risk of overwhelming 
infection will be high.? 

Recent publications of guidelines for the use 
of pneumococcal vaccination'? have high- 


lighted the importance of prophylaxis against . 
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pneumococcal infection in patients with 
functional .asplenia and those undergoing 
splenectomy, in whom prophylactic penicillin 
is already known to reduce the incidence of 
pneumococcal infection.* But no attention has 
been paid to patients with asplenia associated 
with isomerism of the right atrial appendages. 
This is clearly reflected by a variable policy of 
recommendations by the paediatric cardiolo- 
gists in the United Kingdom. 

We believe that these guidelines are as 
applicable to children with isomerism of the 
right atrial appendages. At diagnosis daily 
penicillin prophylaxis should be started and 
continued indefinitely. The child should also 
be vaccinated at the age of two with Pneumovax 
II, and this should be repeated indefinitely 
every 6 years. Finally, the importance of the 
susceptibility of these patients to life threaten- 
ing infection should be emphasised to the 
child's parents, general practitioner, and gen- 
eral paediatrician. 


We thank Dr S A Qureshi for his help in the preparation of this 
report 
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Familial aneurysms of the interventricular septum 


Ming-Ren Chen, Michael L Rigby, Andrew N Redington 


Abstract 
Congenital aneurysms of the interven- 
tricular septum were found in a 29 year 
old man and his four year old son. Both 
were symptom free. In both, M mode 
and cross sectional echocardiography 
showed an aneurysm in the mid-mus- 
cular trabecular portion of the ven- 
tricular septum with considerable 
paradoxical motion of the aneurysmal 
segment. Otherwise the chamber dimen- 
sions, intracardiac structures, and car- 
diac function were normal for age. 
Congenital aneurysm of the interven- 
tricular septum is rare and these 
familial cases may be unique. 


Most left ventricular aneurysms occur in 
adults and are related to coronary occlusion 
and myocardial ischaemia. In childhood the 
acquired causes of left ventricular aneurysm 
include anomalous origin of the left coronary 
artery from the pulmonary artery, transient 


Figure I 


aneurysmal segment of the interventricular septum in the parasternal short axis 
een normal myocardium and the aneurysmal segment. LV, left ventricle; 


Note the clear demarcation betu 
méeurysm 


sections 


left atrium; AO, aorta; an, a 


myocardial ischaemia of the newborn, blunt 
trauma to the infection (syphilis, 
rheumatic fever, mycosis, 
Chagas’s disease, myocarditis), postoperative 
cardiomyopathies, 
and Kawasaki disease.’ Congenital left 
ventricular aneurysm, which usually affects 
the annular subvalvar portion of the free wall 
or apex, is rare but well described." Congen- 
ital aneurysms of the interventricular septum 
are most unusual and only two cases have 
been reported.'’ We report two further cases 
occurring in a father and his child. To our 
knowledge, familial, congenital aneurysm of 
the interventricular muscular septum has not 
been reported before 


chest, 
tuberculosis, 
cardiac surgery, sarcoi- 


dosis, 


Case report 

A four year old boy was referred for cardiac 
evaluation. He was symptom with no 
relevant past medical history. On examination 
he was pink with normal parasternal impulses 
and normal peripheral pulses. The first and 


free, 





Cross sectional echocardiogram from the four year old boy. There was gross systolic dyskinests of the 


C and Dj 
LA, 


(A and B ) and long axis 
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Figure 2 Cross sectional 
echocardiograms from the 
father of the four year old 
boy. There was a similar 
aneurysmal area in the 
mid-muscular portion of 
the interventricular 
septum. The amplitude of 
dyskinetic motion of the 
aneurysmal segment was 
not as large as in his son 
fig 1). 


second heart sounds were normal but there was 
a loud mid-systolic ejection click. There were 
no murmurs, and no other abnormalities were 
detected. 

Chest radiography was normal. The elec- 
trocardiogram showed sinus rhythm, with a 
mean frontal QRS axis of +20 and a normal 
adult precordial RS progression pattern. There 
were no Q waves but the T wave was inverted 
in V5 and biphasic in V6. Cross sectional 
echocardiography confirmed atrial situs solitus 
with normal atrioventricular and ventriculo- 


arterial connections. There was a large area of 


paradoxical systolic motion in the mid- 
muscular trabecular interventricular septum. 
The demarcation between myocardium and the 
aneurysmal segment was clear (fig 1). The 
phonocardiogram confirmed a systolic ejection 
click that did not coincide exactly with the 
anterior movement of the aneurysm recorded 
with M mode echocardiography. 

The child’s father also underwent echo- 
cardiographic examination because of an 
earlier investigation for congenital heart 
disease. No previous records were available. He 
was 29 years old and symptom free. There was 
no relevant past history. The chest radiograph, 
electrocardiogram, and physical examination 
were normal. M mode and cross sectional 
echocardiography showed a similar aneurysm 
in the mid-muscular part of the inter- 
ventricular septum (fig 2). Again, there was 
obvious demarcation between the normal 
myocardium of the interventricular septum 
and the aneurysmal segment. 


Discussion 
This paper describes the familial occurrence of 
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also suggest the possibility of a congenital 
ventricular aneurysm, but is by no means a 
universal finding: 

The course of congenital ventricular 
aneurysm is not known. In these patients, as 
with other congenital aneurysms, complica- 
tions are likely to include rupture, arrhythmia, 
thromboembolism, and deteriorating ven- 
tricular function/5** The place for surgical 
treatment in these patients with uncomplicated 
lesions must remain uncertain, however. 
Surgical repair will be particularly difficult 
when a large part of the interventricular sep- 
tum is affected,‘ and it is not clear whether the 
course would be influenced in the symptom 
free patient. 


Chen, Rigby, Redington 


“IS A, Katkov H, Zavoral JH, Sane SM, McLeod JD. 


tal aneurysms of the left ventricle. Am Heart J 
1980;99:25-32. 

2 'Treistman B, Cooley DA, Lufschanowski R, Leachman RD. 
Diverticulum or aneuryam of left ventricle. Am J Cardiol 
1973;32:1 19-23. 

3 Arora RR, Issenberg HJ, Spindola-Franco H, Fayemi A, 
Steeg C. Congenital aneurysm of the left ventricle. Its 
recognition and significance. JAMA 1988;259:3306-8. 

4 Faseoli G, Valentina PD, Scognamigho R. Echocardio- 
graphic findmgs in left ventricular septal aneurysm. Int J 
Cardiol 1988;18:441-3. 

5 Magherini A, Schmidtlein C, Urciuolo A, er al. Congenital 
aneurysm of the interventricular muscular septum with 
rupture into the right ventricle in a child. Am Heart J 
1988;116:185—7. 

6 Sawyer AJ, Mauss IH, Rosenblatt P Congenital diver- 

ticuloms of left ventricle. Am J Dis Child 1950579 111-7. 

7 Franco-Vazques S, Sutherland RD, Fowler M, Edwards JE. 
d En aneurysm of left ventricle base. Chest 1970; 

8 Burn CG, Hollander AG, Crawford JH. Rere cardiac 
aneurysm in s child. Am Heart J 1943;26°415-8. 


Br Heart J 1991;65:107-8 


Successful operation on a coronary arteriovenous 
fistula in a 74 year old woman 


M J Brack, P J B Hubner, R K Firmin 


Abstract fibrillation, an axis of 0°, and incomplete 1 
Coronary arteriovenous fistulas are rare bundle branch block. The chest x ray show 
and are usually diagnosed in children or an enlarged heart (cardiothoracic ratio 74 
young adults. Most are believed to be Cross sectional and M mode echocardiog 
congenital. A right coronary arterioven- phy showed normal mitral and aortic val 





ous fistula was first diagnosed in a The left ventricle was of normal size 
patient of 74. Despite her age the fistula normal contraction. Doppler echocardiog 
was successfully operated on and her phy confirmed mitral regurgitation and 
symptoms were relieved. other abnormal flow patterns were detecte 
Cardiac catheterisation was perform 


Systolic and diastolic pressures were: rigl 
Coronary arteriovenous fistulas are rare and atrium 16/6 mm Hg, right ventricle 3( 
are usually diagnosed in children or young mm Hg, pulmonary artery 32/12 mm Hg 
adults. Most occur as congenital anomalies pulmonary capillary vein 18/10 mm Hg, aort 
but acquired fistulas may arise after thoracic 120/60 mm Hg, left ventricle 120/10 mm Hg 
trauma.’ The right coronary artery is most There was a step up in oxygen saturatior 
commonly affected, and it usually communi- the level of the right ventricle and the folk 
cates with the right heart chambers or the ing oxygen saturations were recorded: aor! 
pulmonary artery.’ In most instances the fis- 95%, inferior vena cava 63%, superior v 


tulas are small with insignificant shunts. This cava 56%, right atrium 65%, right ventric 
group of patients often remain symptom free. 68%, pulmonary artery 74%. T he pulmona 
However, in the presence of larger shunts, to systemic flow ratio was 17:1. The lef 
congestive cardiac failure can occur, especially ventricular angiogram showed a normal siz 
in the young or elderly.” left ventricle with good contraction. The: 


was mild to moderate mitral regurgitatior 

Aortography showed a normal aortic va 
Case report ring with mild dilatation of the aorta above 
A 74 year old woman was referred in 1987 ‘There was no aortic regurgitation. The right 
with a 7 year history of progressive dyspnoea coronary artery was very large and tortuou 
and a one year history of paroxysmal noctur- approximately three times the normal calib: 
nal dyspnoea. She was considerably limited by (fig 1). Contrast passed from the right coro 
her dyspnoea. In 1984 she presented to ary artery via a fistula into an aneurysma 
another hospital with mitral regurgitation and coronary sinus (fig 2). The left coronar 
fever. She was treated for suspected infective artery was also abnormal, being dilated ar 
endocarditis though no organism was isolated tortuous with contrast passing via the dista 
by culture. On follow up she continued to left anterior descending artery to the area 
have a pansystolic murmur and the diagnosis the fistula. 
was one of mitral regurgitation. She was 
referred for possible mitral valve replacement. 
In the past she had had a subtotal thyroidec- 
tomy for a thyroid adenoma. Her daily 
medication was digoxin 125 ug, frusemide 
120 mg, amiloride 15 mg, and thyroxine 
100 ug. 

She was a sprightly woman of lean build. 
She was in atrial fibrillation (96 beats/minute) 
with a blood pressure of 150/90 mm Hg. The 
jugular venous pressure was raised to 4 cm. 
'There was clinical left and right ventricular 


Regional ) : striki 
: A e ement. aus Bs 

Cardiothoracic Unit, enlargement C i suse aen e triking 
Groby Road Hospital, finding, not previously reported, was of a loud 
Leicester continuous murmur heard in the aortic area 
Pu ak that radiated to the lower right sternal edge. 
RK Firmin At the mitral area there was a moderately loud 
C e pansystolic murmur referred to the left axilla. 
-orrespondence to Ged. à 

Dr M J Brack, Regional Fhere was no peripheral oedema and the lung 





Cardiothoracic Unit, Groby 


Road Hospital, Leicester fields were clear. 


pee i 4 Figure 1 Right coronary angiogram showing a dilated 
LE3 9QE rhe electrocardiogram showed atrial tortuous vessel. 
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Figure 2 A late film showing contrast in aneurysmal 
coronary sinus. 


Because she was considerably limited by her 
symptoms she was accepted for surgery. At 
operation a very dilated right coronary artery 
was opened distally showing a single 1 cm 
fistula opening into an aneurysmal coronary 
sinus. This area was obliterated with 5/O 
prolene stitches and then the coronary artery 
was double tied proximal to the stitched arca. 
The distal right coronary artery was of small 
calibre. The mitral valve seemed normal. Her 
postoperative recovery was uneventful. The 
patient subsequently became symptom free. 
She no longer had a continuous murmur, nor 
one of mitral regurgitation. Repeat angio- 
graphy a year after operation showed a dilated 
right coronary artery with no evidence of a 
fistula, There was collateral filling of the dis- 
tal right coronary artery from the left anterior 
descending artery. Left ventricular angio- 
graphy showed good left ventricular function 
with mild mitral regurgitation only. There 
was no evidence of any intracardiac shunt. 


Discussion 

In our patient the left to right shunt was not 
large (Q,:Q, 1:7:1), but her dyspnoea com- 
pletely cleared when the fistula was closed. 
The dyspnoea was caused by a combination of 
a left to right shunt, mitral regurgitation, and 
atrial fibrillation. After operation the mitral 
regurgitation was also reduced. The reason for 
this is not clear because the left ventricular 
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function was good, both before and after 
closure. Harris et al described a patient with 
normal resting right heart pressures and left 
ventricular end diastolic pressure.’ The pul- 
monary wedge pressure rose from 6 to 32 mm 
Hg on exercise, suggesting reversible impair- 
men: of left ventricular function. 

The prognosis in patients with coronary 
arteriovenous fistulas depends upon the 
volume of the shunt, the age of the patient, 
and the presence of any complications. The 
abnormality, however, is known to be com- 
patible with a long life.’ Though there is a risk 
of endocarditis, pulmonary hypertension, and 
rupture of the fistulas the risks are small and 
not an indication for operation." In younger 
patients it is likely that elective ligation of 
arteriovenous fistulas may reduce the 
incidence of late complications.’ There are 
also reports of spontaneous closure of 
arteriovenous fistulas." In the presence of 
larger shunts or severe symptoms, however, 
surgical closure of the fistula is valuable but 
may be difficult especially if there are multiple 
communications.’ For secure closure of the 
fistula in our patient the artery was ligated 
and obliterated at the site of the fistulous 
communication. The calibre of the distal right 
coronary artery was small. Vein grafting was 
considered but not performed because there 
was good filling of the right coronary artery 
from the abnormal circulation of the distal left 
anterior descending artery. 

Though the risks of operation are increased 
in older patients age should not preclude 
operation. The results were very successful in 
our 74 year old patient. 
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Early complications of interventional balloon 
catheterisation in infants and children 


P Booth, A N Redington, E A Shinebourne, M L Rigby 


Abstract 

Interventional balloon catheterisation is 
now the recommended procedure for 
several congenital heart defects. The 
overall complication rate in the first 160 
children (median age 3 years) to undergo 
balloon intervention (excluding balloon 
atrial septostomy) at the Brompton Hos- 
pital was 24% (14% excluding haemorr- 
hage and including three deaths (1:9%)). 
Most complications were related to vas- 
cular problems at the site of cardiac 
catheterisation. Complications were 
more common in the younger patient, 
especially neonates, and also in 
procedures that were ultimately unsuc- 
cessful. Most complications were tran- 
sient and usually had no long term 
effects. Improvements in equipment 
design and technical expertise may 
reduce morbidity from these pro- 
cedures. 


The immediate and intermediate results of 
balloon dilatation for isolated pulmonary 
valve stenosis and for recoarctation of the 
aorta compare favourably with the results of 
conventional surgery.” The successful dilata- 
tion of aortic valve stenosis,** of native coarc- 
tation of the aorta,’ of postoperative stenoses 
of veins or baffles,? and of stenosed aortopul- 
monary shunts has been reported but the 
longer term outcome of these procedures is 
unknown. 

It is surprising that there is only one report 
of the acute complications of interventional 
catheterisation in adults and children? The 
present study reviews the complications in 
children and represents our initial experience 
in the first 160 patients. 


Patients and methods 

Between January 1984 and June 1989, 1795 
infants and children under the age of 16 years 
underwent cardiac catheterisation at the 
Brompton Hospital. There were 172 patients 
who underwent interventional procedures, 
consisting of balloon dilatation (n — 160), 
embolisation of pulmonary-systemic col- 
laterals (n — 10), and blade atrial septostomy 
in two. Infants undergoing balloon atrial sep- 
tostomy are not included. This study is con- 
fined to the 160 children who underwent 


balioon dilatation. Figure 1 shows the relative 
frequency of these procedures as a proportion 
of all cardiac catheterisations by year. Age at 
catheterisation ranged from 3 days to 16 years 
(median 3 years). There were 10 neonates 
(6:395), 16 infants (10%), and 134 children 
(83-799). Seven patients had repeat 
procedures. One hundred and nineteen (75%) 
procedures were considered to be successful 
on clinical, angiographic, and haemodynamic 
criteria. A procedure was considered unsuc- 
cessful if: (a) it was technically impossible; (5) 
there was less than a 50% reduction in the 
peak systolic gradient across a stenosis; (c) the 
patient required conventional surgery after 
balloon intervention. Otherwise the interven- 
tion was regarded as an early success. Table 1 
lists the procedures undertaken and their 
individual success rate. All the procedures 
were performed by or under the supervision 
of one of four operators. 

All balloon dilatation procedures were per- 
formed by standard techniques. In general, 
direct percutaneous insertion of the balloon 
catheter was used, except in some neonates 
undergoing balloon dilatation of aortic coarc- 
tation or critical pulmonary stenosis, when the 
balloon catheter was inserted via a valved 
introducer. Balloon size was selected accord- 
ing to previously published criteria. The 
balloon diameter for dilatation of post-Mus- 
tard baffle obstruction and dilatation of the 
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Figure 1 Proportion of cardiac catheterisations that 
were balloon dilatations. n = the total number of 
paediatric patients undergoing cardiac catheterisation. 
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Table 1 Procedures undertaken and their individual success rate 





Procedure 


Dilatation of pulmonary valve stenosis 


Dilatation of aortic valve stenosis 
Dilaranon of sortic coarctanon: 
Native coarctation 


lon 
i Dilatanon of stenoses after Mustard's operation 
Miscellaneous: 


Dilatation of stenoses after arterial switch operation 


Dilatation of pulmonary artery 


Total Successful (n(% )) 


stenoms 4 


Dilatation of stenosis after truncus repair 
Dilatation of stenoses after DORV and VSD repair 


Dilatation of stenosis after correction of TOF 
Dilatation of mitral valve stenosis 


2 
2 
Dilatauon of stenosis after PA correction i 
1 
1 


Dilatation of supravalvar pulmonary stenosis (Noonan's) 
DORV, double outlet right ventncle; PA, pulmonary atrema; TOF, tetralogy of Fallot; VSD, 


ventricular septal defect. 


pulmonary valve did not exceed 150% of the 
vein size or the valve ring respectively. For 
dilatation of the arterial tree, the balloon size 
was 80-100% of the size of the vessel or valve 
being dilated. All patients in the latter group 
received 50 IU/kg of heparin during the cath- 
eter procedure, followed by a heparin infusion 
at a dose of 400 IU/kg/24 hours. This was 
started as soon as haemostasis was achieved 
after the procedure. 


COMPLICATIONS 

Acute complications were classified as major 
(table 2) and minor (table 3). Complications 
were considered to be major if: (a) the patient 
died or was admitted to the intensive care unit 
after the procedure; (b) immediate surgical 
intervention was required; (c) permanent 
damage was caused to any other organ or 
system; (d) there was haemorrhage that 
required an immediate blood transfusion 
because of haemodynamic disturbance. 

Minor complications included: transient 
loss of pulse distal to the catheter insertion 
site, transient pallor and hypothermia of the 
limb, the administration of anticoagulant 
treatment for longer than 24 hours, and blood 
loss requiring elective blood transfusion. 

As expected during valve dilatation there 
was a transient fall in systemic pressure, 
bradycardia, and occasional ventricular 
extrasystoles during balloon inflation but 
these were not regarded as complications. 


Results 
There were 48 complications in 39 patients 
(24%), of which 27 were major and 21 minor. 


Table 2 Mayor complications after balloon dilatation 
procedures 


Complication 


Haemorrhage and hypotension 

Femoral artery occlumon 

eoru iei 
emiparesis/herrplegia 

Cardiac arrest 

Perforation of right ventricular outflow tract 

Complete heart block 

Aortic regurgitanon 

Lower lunb ischaenua 

Ruptured catheter 

Aortic dissection 

Aortic aneurysm 

Aur in left atrial appendage 

Septicaemia and valvar endocarditis 


No 
10 


ed fe à pind à ped Dead bed bed bt NO 


Booth, Redington, Shinebourne, Rigby 


Table 3 Minor complications after balloon dilatation 
procecures 


CompEcation No 
Transient loss of pulse H 
Haemorrhage and transfusion 

Damage to axillary artery 

Venous occluston 

Erb’s palsy 

Pulmonary artery puncture, no haemorrhage 


eee d OD 


There were three deaths (1:995) (tables 2 and 
3). Seven patients had two complications and 
one patient had three. The complication rates 
for individual procedures ranged from 7% for 
dilatation of the pulmonary valve to 5394 for 
coarctation aortoplasty (fig 2). The complica- 
tion rate was especially high (69%) for aorto- 
plasty of native coarctation. 

Complications were more common in the 
younger patients. The rate was 70% for neon- 
ates, 44% for infants, and 19% for children 
(p < 0-001, Y? test for trend). The median age 
of the patients in whom complications 
developed was 24 months; the median age of 
the patients who had no complications was 43 
months. The difference between the median 
ages was significant (p — 0-009, Mann-Whit- 
ney U test). The 95% confidence interval for 
the difference in medians was (4:0 to 27-8). 
Complications developed in 18 (15%) of the 
119 patients who had successful procedures 
and in 21 (51%) of the 41 patients who had an 
unsuccessful procedure (p < 0-001, x° test 
with Yates's correction). 

During the period of the study the 
incidence of complications increased from 
17-594 in the first 30 months to 28% in the 
second, though the rate for dilatation of the 
pulmonary valve fell. 


SPECIFIC PROCEDURES AND THEIR COMPLICA- 
TIONS 

Dilatation of the pulmonary valve 

The success rate (86%) was the highest of all 
the procedures and the complication rate (7%) 
the lowest. There was one death (in a 5 day old 
infant) and in a 10 day old infant with a severely 
dysplastic pulmonary valve Staphylococcus 
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Figure 2 Complication rate by procedure. n = 
number of patients tn each group. 
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Figure 3 Success and 
failure rate of balloon 
intervention per year of 


procedure. n = the total 


Unsuccessful 


Number of procedures 
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aureus septicaemia developed after an unsuc- 
cessful procedure. -At operation, two weeks 
later, endocarditis of the pulmonary valve and 
the arterial duct was noted together with a 
small pulmonary artery tear and a subadven- 
titial haematoma. The child made an unevent- 
ful recovery after an open valvotomy and 
removal of the infected tissue. A 10 month old 
infant had a successful procedure but 
developed transient complete heart block 
necessitating admission to the intensive care 
unit. Three children had problems with bleed- 
ing at the site of cardiac catheterisation; two 
become hypotensive and required admission to 
the intensive care unit. 


Dilatation of the aortic valve 

The success rate of 42% was poor and the 
complication rate of 50% was high. Only one of 
the patients with complications had a success- 
ful procedure. T'here was one death, from late 
ventricular fibrillation. Two patients, aged 11 
and 14 years, had persistent loss of pulse 
despite treatment with anticoagulant and 
antifibrinolytic agents. They both required 
surgical exploration of the femoral arteries; 
simple thrombectomy was performed in one, 
but in the other a saphenous patch was used. À 
six year old girl developed axillary artery 
thrombosis which resolved after five days of 
anticoagulation treatment. This same patient 
developed aortic incompetence and later 
underwent successful open valvotomy with 
repair of the valve. Finally, there were two 
patients with bleeding from the site of cardiac 
catheterisation. One required admission to the 
intensive care unit; the second also developed 
transient loss of pulse. 


Coarctation aortoplasty 

Thirty four patients underwent balloon aorto- 
plasty. This group had a good initial success 
rate (82%) but the highest complication rate 
(53%). Highteen of the procedures were per- 
formed in patients with recoarctation (14 after 
subclavian flap angioplasty, three after end-to- 
end anastomosis, and one after previous 
balloon aortoplasty). Primary balloon aorto- 


_plasty in 15 of 16 patients, including seven 
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neonates, was initially successful. There were 
minor complications in 14 patients and major 
complications in eight. Four infants and an 18 
month old child were admitted to the intensive 
care unit because of haemorrhage and hypoten- 
sion or loss of pulse or both. All had successful 
procedures with no long term sequelae. One 
two week old infant had a successful aorto- 
plasty but a small aneurysm was noted 
immediately. One three year old boy was noted 
to have a cold, pulseless right leg. Despite 
appropriate treatment intermittent claudica- 
tion developed; magnetic resonance imaging 
showed stenosis of the right femoral artery. A 
three day old infant was admitted to the inten- 
sive care unit after unsuccessful balloon aorto- 
plasty which was complicated by major blood 
loss. At operation, three days later, there was an 
aortic dissection of the coarctation and isthmus 
necessitating end-to-end repair. The minor 
complications involved nine patients with tran- 
sient loss of pulse requiring anticoagulant 
treatment and four with bleeding from the site 
of cardiac catheterisation requiring blood trans- 
fusion but without haemodynamic disturbance. 


Baffle obstruction after Mustard's operation 
There were 12 procedures in 11 patients who 
had developed baffle obstruction. Eight under- 
went dilatation of the inferior limb of the baffle, 
three dilatation of the inferior and superior 
limb, and one the superior limb alone. The 
success rate of the procedures was high (83%) 
and the complication rate low (16%). One 
patient underwent two procedures for dilata- 
tion initially of the inferior limb and later of 
both limbs of the baffle. He developed a 
transient right hemiparesis on both occasions. 


Miscellaneous 

Table 1 lists procedures undertaken. The suc- 
cess rate was low (29%) and the complication 
rate was 33%. There was one death from 
ventricular fibrillation. A two year old child 
with Williams’s syndrome and severe 
supravalvar aortic stenosis and peripheral pul- 
monary artery stenosis had repeated episodes 
of asystole after induction of general anaes- 
thesia and during attempted dilatation of her 
pulmonary artery stenoses. She has recovered 
fully. Circumferential rupture of the balloon 
occurred in a 16 year old girl undergoing 
dilatation of a homograft conduit; it proved 
impossible to remove the catheter percutan- 
eously and she required surgical exploration. 
Other complications included major haemorr- 
hage with hypotension in one patient, transient 
loss of foot pulse in another, and venous 
thrombosis requiring anticoagulation in a 
third. All made a complete recovery. Finally, 
attempted dilatation of a supravalvar mitral 
ring in a two year old was unsuccessful and was 
complicated by minor haemorrhage. More 
importantly, fluoroscopy showed air in her left 
atrial appendage. She subsequently underwent 
surgical removal of the supravalvar ring with 
no long term sequelae. 
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DEATHS 

There were three deaths. A five day old infant 
with severe aortic aid pulmonary valve stenosis 
died from cardiac tamponade. A five month old 
infant who had undergone an arterial switch 
operation died 24 hours after unsuccessful 
attempted dilatation of critical stenosis of right 
and left pulmonary artery stenosis. Finally, 
spontaneous ventricular fibrillation developed 
two hours after balloon dilatation of the aortic 
valve in a six month old infant who had 
undergone open aortic valvotomy as a neonate. 


Discussion 

Complications developed in 39 (24%) of the 
first 160 infants and children undergoing 
balloon dilatation procedures. Permanent 
sequelae from these complications were 
uncommon, though there were three deaths 
(1-996). 

Unlike Fellows et al,’ we included haemorr- 
hage from the catheter site that required elec- 
tive blood transfusion as a complication of 
balloon interventional procedures. If these 17 
patients are excluded, the type and frequency 
(14%) of complications in our study are 
remarkably similar to those reported in Fellows 
et al’s review of adults and children. What is 
clear from both studies is that complications of 
balloon interventional catheterisation increase 
in frequency in the younger patient, especially 
neonates. We also showed that complications 
were more frequent in patients who bad an 
unsuccessful procedure (fig 3), presumably 
because these were more prolonged and tech- 
nically difficult. Vascular problems associated 
with site of cardiac catheterisation (haemor- 
rhage, arterial occlusion etc) accounted for 33 
of the complications. It seems reasonable to 
conclude that the frequency of these compli- 
cations may fall with further miniaturisation of 
equipment. 

Our success and low complication rates after 
dilatation of the pulmonary valve accord with 
those reported by other workers.! ? ? The com- 
plication rate (53%) for coarctation aortoplasty 
was the highest of all procedures. This was 
balanced by its high initial success rates of 8276 
overall and 94% for native coarctations. Four- 
teen were minor complications—that is, tran- 
sient loss of the foot pulse or haemorrhage from 
the catheter site. There was a preponderance of 
neonates and infants in this group, and like 
Fellows et al? we have shown an increased 
complication rate in these patients. It is clear 
that an arterial approach and younger age are 
significantly associated with both minor and 
major complications. Indeed, the complication 
rate rose from 17:5% over the first 30 months 
of the study to 2896 over the past 30 months. 
'This almost certainly reflects the increasing 
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number of neonates and infants being treated, 
the trend towards primary balloon aortoplasty 
for coarctation, and the relative reduction in 
frequency of dilatation of the pulmonary valve. 

Several workers have reported deaths after 
balloon dilatation, especially for aortic stenosis, 
aortic coarctation, and pulmonary artery sten- 
osis.’ In general; the overall mortality is 
comparable to that of the surgical alternative. 
Deaths reported after balloon intervention 
have been due to ventricular fibrillation, vessel 
rupture, or occlusion of a critical obstruction. 
The deaths in our study were caused by 
perforation of the right ventricular outflow 
tract in one and later ventricular fibrillation in 
two patients. The exact cause of late arrhyth- 
mias is unknown, but it is now our policy to 
monitor the electrocardiogram continuously 
for 24 hours after most procedures. 

We described a retrospective review of 
balloon interventional techniques in infants 
and children. Overall the early complication 
rate was high but the frequency of complica- 
tions likely to lead to long term sequelae was 
low. With continued improvement in equip- 
ment and operator technique, many of these 
complications may be avoidable. 
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LETTERS TO 
THE EDITOR 





Q The British Heart Journal welcomes letters 
commenting on papers that it has published 
within the past six months. 


@ All letters must be typed-with double spacing 
and signed by all authors. 


€ No letter should be more than 600 words. 
t 


@ In general, no letter should: contain more 
than six references (also typed mth double 
spacing). 


Balloon dilatation of tricuspid stenosis 
caused by carcinoid heart disease 


Sra, Mullins er al’s conclusion that balloon 
dilatation of the tricuspid valve is safe and 
effective for tricuspid stenosis caused by 
carcinoid may not be consistent with clinical 
and haemodynamic data in their patent (Br 
Heart J 1990;63:249-50). They state that the 
jugular venous pulse showed a prominent 
systolic wave. This clearly means that tricus- 
pid regurgitation was a clinically important 
abnormality. This accords with the 
haemodynamic data because in the basal state 
the ‘v’ wave in the right atrium was 44 mg Hg 
whereas the ‘a’ wave was 24 mm Hg. They 
say that the chest x ray showed pulmonary 
oedema. This is an unusual and unlikely 
feature of primary tricuspid valve disease, 
especially when there 1s no additional left 
sided disease. Because there was no mention 
of myocardial or valve disease affecting the 
left heart I presume that these structures were 
normal, 

Right ventricular hypertension ın carcin- 
oid heart disease affecting the right side of the 
heart is possible only if there is stenosis of the 
pulmonary valve The pulmonary valve was 
normal in this case, so what was the cause of 
the right ventricular pressure of 52 mm Hg? 
In addition, a right ventricular diastolic pres- 
sure of 18-mm Hg is rather surprising in the 
presence of important tricuspid stenosis 
without any additional cause for diastolic 
restriction of the right ventricle. 

After dilatation of the tricuspid valve the ‘a’ 
wave in the right atrium remained at 24 m Hg 
whereas the height of the ‘v’ wave fell from 44 
to 36 mm Hg This needs to be explained. 
Mullins et al claim that the severity of tricus- 
pid regurgitation did not change after dilata- 
tion so what was the cause of reduction in the 
height of the ‘v’ wave? 

. Though after dilatation the mean pressure 
drop across the tricuspid valve fell from 10 5 
to 7:6 mm Hg and the valve area increased 
from 0 9 to 1 4 cm’, are Mullins et al justified 
in calling this dilatanon “effective”? The 
reduction in the mean pressure drop could 
have been solely related to the reduction in 
the height of the ‘v’ wave, especially as the 
height of the ‘a’ wave was unchanged. With- 
out knowledge of the cardiac output the 


effectiveness of dilatation cannot be judged ' 


solely on the values of the pressure drops. 


Though the area of, the tricuspid valve 
increased, its absolute value of 1 4 cm? still 
indicates a critical tricuspid stenosis.' 

What is more impressive 18 the fact that 
despite an ‘a’ wave of 24 and a 'v' wave of 


> 36 mm Hg m the right atrium after balloon 


dilatation the “patient is doing well with 
reduction of dyspnoea and pulmonary and 
peripheral oedema”. Why did the pulmonary 
oedema resolve after the release of the tricus- 
pid stenosis*—when it seems logical to expect 
an increase in pulmonary oedema because of 
increased flow in the pulmonary circuit. 

Unless these discrepancies are sorted out I 
cannot accept that this was predominantly a 
case of tricuspid stenosis requiring’ balloon 
dilatation. Moreover, on the basis of these 
data alone I believe that it 1s not correct to call 
this dilatation effective and recommend it for 
carcinoid valve disease. 


BHARAT DALVI 

of Cardiology, 

‘King Edward VII Memorial Hospital; 
arel, 


Bombay 400 012, 
India 


1 Kitchin A, Turner R. Diagnosis and treatment 
of tricuspid stenosis. Br Heart J 1964,26. 
354-79. 


This letter was shown to the authors who reply 
as follows: 


Srg,— We are grateful for Dr Dalvi's interest 
in the case we presented. He raises three 
points for debate. 

Firstly, was there significant tricuspid 
stenosis? Tricuspid stenosis was confirmed 
by a transvalvar gradient of 10 5 mm Hg and 
an orifice area of 0:9 cm? estimated by Dop- 
pler echocardiography. The criticism that the 
presence of a cardiac catheter across the valve 
during the haemodynamic study leads to an 
overestimation of the gradient can be levelled 
at all gradient estimations. This criticism, 
however, is not valid when the orifice area is 
estimated by Doppler echocardiography at a 
different time and the method is not subject 
to the same measurement constraints. 

Secondly, why did the panent have a raised 
right ventricular diastolic pressure and pul- 
monary oedema? These abnormalities are not 
a feature of pure tricuspid stenosis. This 
elderly woman, presenting with carcinoid, 
also had poor left ventricular function, the 
cause of which was not investigated further 
We postulated that fluid retention. caused 
by tricuspid stenosis and poor ventricular 
function was responsible for the pulmonary 
congestion. 

Thirdly, was the tricuspid dilatation suc- 
cessful? We showed a reduced mean gradient 
and an increase from 0:9 cm? to 1-4 cm? in 
orifice area estimated by Doppler echocar- 
diography The patient's symptoms of fluid 
retention and dyspnoea rapidly improved. 
The increase in tricuspid valve orifice area 
was maintained on a later echocardiogram. 

This patient was terminally ill and ın a very 
poor clinical state. Our aim was to palliate the 
symptoms associated with her severe tricus- 
pid valve disease. The small improvement in 
tricuspid valve orifice was sufficient for this 
purpose. 


P Everard, 
Cambridge CB3 8RE 
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Diagnosis of a pseudoaneurysm of the 
right ventricular outflow tract 


StR,—Sreeram et al reported the diagnosis of 
a pseudoaneurysm of the right ventricular 
outflow tract (1990;63:129-31) Their colour 
Doppler picture certainly shows clearly the 
narrow communication between the nght 
ventricle and the pseudoaneurysm. 

Those who do not have a colour Doppler 
machine may be interested to know that a 
communication such as this can also be detec- 
ted by contrast echocardiography, as we 
reported a few years ago.! 


M BERANT 

BZGARTY 

Paediatric Cardiology Unit, 
Beltinson Hospital, 

Petah Tikva, 

Israel 


1 Garty BZ, Berant M, Weinhouse E, Levinski L 
False aneurysm of the right ventricle due to 
endocardius in a child. Pediatr Cardiol 
1987,8:275-7 


This letter was shown to the author, who replies 
as follows - 


Sir,—As Berant and Garty point out im their 
letter, the use of contrast echocardiography 
may be a valuable adjunct to the investigation 
of patients in whom a pseudoaneurysm of the 
right ventricular outflow tract is suspected. 

While contrast echocardiography 1s a 
useful alternative non-invasive approach to 
diagnosis where colour flow mapping is not 
available, we suggest that colour flow map- 
ping 1s a more appropriate technique because 
1t can be quickly and easily carried out as part 
of the ultrasound examinanon itself. It does 
not require an intravenous line and adminis- 
tration of a contrast agent Furthermore, the 
contrast effect produced can be variable in 
such patients and thus the results of such 
studies could be misleading. We expect 
colour flow mapping will prove to be a more 
sensitive and specific technique. 


GEORGE R SUTHERLAND 
Department of Cardiology, 
Western General Hospital, 

Crewe Road, 
Edinburgh BH4 2XU 





CORRECTION 





Review. Late potentials as predictors of risk 
after thrombolytic treatment? Gunter Breit- 
hardt, Marun Borggrefe, Ulrich Karbenn 
(September 1990 issue, volume 64: pages 
174-6) —We regret that an editorial error was 
introduced into this article. Lines 9, 10, and 
li of the second paragraph on page 174 
should have read: There was an inverse 
relation between the duration of late poten- 
uals and the rate of ventricular tachycardia. 
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We have received a total of 581 abstracts for 
the Glasgow meeting, a 29% increase com- 
pared with the number submitted for 
‘Torquay. Only a minority can be selected for 
presentation, but as many as possible of the 
remaining suitable abstracts will be accepted 
for posters., Those with the difficult task of 
selection are not endowed with any unique 
wisdom, and some posters may contain more 
valuable information than is available in 
many of the presentations Posters receive 
less attention than they deserve. What can be 
done to improve this? In their meetings the 
Irish Cardiac Society arrange for very brief 
summaries of salient information to be 
presented by the authors during one of the 
oral sessions, designed to whet the appetite. 
Two or three minutes of explanation can also 
greatly reduce the effort needed to master the 
printed word. Is it worth considering? 

In August last year we raised the question 
of the ininals FESC being used by those 
elected ‘to the European Fellowship of 
Cardiology We think they should be, when it 
is appropriate to do so; but too few of the 
members of the British Cardiac Society have 
this distinction. The European Society states 
that “a Fellow is considered to be a person 
who has had a number of years of experience 
in the field and who has disunguished himself 
(sic) individually in clinical, educational, 
investigational, managerial or professional 
aspects of cardiology . . . Each applicant 
should be sponsored and signed by two 
leading cardiovascular specialists or scient- 
ists, one of whom must be the President of the 
National Cardiac Society." The council of 
the Brinsh Cardiac Society believes that only 
those who have achieved consultant status 
should have names put forward at the present 
time. But why have so few decided to do so? 
Many have the appropriate credentials. The 
address of the Secretariat is ESC Fellowship 
Department, 22 Rue Juste Olivier, CH-1260 
Nyon, Switzerland. 

We have news from the European Resus- 
citanon Council. This multidisciplmary 
group has representatives from, among 
others, the European Society of Cardiology, 
the European Academy of Anaesthesiology, 
the European Society for Intensive Care 
Medicine, and all the appropriate national 
societies. À group from the council met in 
December with delegates from the American 
Heart Association, the Heart and Stroke 
Foundation of Canada, and the Australian 
Heart Foundation. The purpose was to agree 
on the terminology of resuscitation and for 
enough uniformity in the methods of report- 
ing results to permit comparison of data. This 
is rarely possible at present. The joint 
chairmen were Richard Cummins of Seattle 
and Douglas Chamberlain from Brighton. At 
times the differences in even simple defini- 
tions between the continents seemed surpris- 
ing. But with abundant goodwill on all sides 
the differences were speedily resolved. The 


outcome will be reported in due course, 


probably with near simultaneous publica- 


tions on the two sides of the Atlantic. The 
European Resuscitation Council has reached 
an agreement that will make Resuscitation its 
official journal. The editor in chief is Dr John 
McCabe of Syracuse, New York State. The 
European editor will be your President. 

"There is more news of the British Cardiac 
Society. Council recently discussed their 
concern at the career problems faced by many 
of those still 1n training posts. Some have had 
difficulty in obtaining sound advice from 
within their own hospitals or had good 
reasons for wishing to seek other counsels. 
Others who have been well advised still need 
more support or broader perspectives. We 
have therefore instituted a new post which is 
yet to have a final title. It may be Post- 
graduate Advisor. In any event, the need to 
appoint a senior and widely respected figure 
led to Howard Swanton who has agreed to 
serve in this capacity. Anyone wishing to 
obtain his advice can contact him through the 
society. On a different note, Anthony Nathan 
has taken over from Ronald Gold as represen- 
tative of the Society on a British Standards 
Commuttee HCC92, which is the pacemaker 
technical committee of the Health Care Stan- 
dards Policy Committee. 

The authors of this newsletter have thrown 
caution to the winds and used both first 
names and surnames throughout. Those 
members of the society who have taken the 
trouble to comment on the shift towards the 
change 1n policy have indicated approval, so 
that we have abandoned the careful com- 
promises of earlier months. But now a new 
note of controversy has been raised by David 
Hackett. He has asked why the society 
abstracts have the authors’ surnames 
preceded by iniuals for men and by first 
names for women. He regards this as a sexist 
practice that is outmoded in the egalitarian 
times of the 1990s. Some of us like it, but we 
concede (some of us) that we ourselves may be 
anachronisms, and that in this respect we 
hold no strong egalitarian views. What do 
other members think? 

Do you beleve that we should be increas- 
ing the attention we pay to coronary preven- 
tion (or risk reduction)? Many cardiologists 
remain sceptical, not of the concept but only 
of the possibility for effective action. We 
believe this position has had some validity but 
should now be changing. The British Heart 
Foundanon is active in coronary prevention 
and has arranged an important symposium 
for clinicians at the Royal College of 
Physicians of Edinburgh on 30 and 31 May. 
The programme has many hot topics such as 
the importance of fibrinogen and clotting 
factors, lipoprotein (a), and insulin resis- 
tance The course fee 1s £100 reduced to £50 
for medical staff in training. Information can 
be obtained from John McGhee, Edinburgh 
Co-ordinates, 30 Caiystane Crescent, Edin- 
burgh EH10 6RX (031 445 5601). We are 
prepared to remind members of conferences 
that we believe will be 1mportant, but to do 
this we need prompting ourselves. We will, 
however, be selective with a bias towards the 
British Heart Foundation and our affiliated 
groups. Would our readers like to be remin- 
ded of dates for submitting abstracts to the 
principal meetings and of dates for submit- 
ting applications for major grants and fellow- 
ships? Tell us. And please note our change of 
address. 


DOUGLAS CHAMBERLAIN 
President, British Cardiac Society 
PAUL OLDERSHAW 
Secretary, British Cardiac Sonety, 
1 St Andrew's Place, 

London NWI 4LB 
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NOTICES 





1991 


The Annual Meeting of the British Cardiac 
Society will take place at the Scottish 
Exhibition Centre, Glasgow on 30 April to 3 
May. The closing date for receipt of abstracts 
was 10 December 1990. 


An international congress on angiology enti- 
tled Angio 91 will be held in Paris on 12 to 14 
April: Scientific Organising Committee 
Secretariat, 3 place des Vosges, 75004 Paris, 
France (33 1 42746464). 


XII international congress on Hemostasis 
and Thrombosis will be held in Buenos 
Aures on 18 to 22 November: Secretary, 
Sarmiento 1562-4to. F, 1042 Buenos Aires, 


_ Argentina (54 1 35 6703/2798). 
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Editorial 








Alcohol catheter ablation of atrioventricular conduction 


The control of arrhythmia by catheter ablation was one of 
the highlights of clinical electrophysiology in the 1980s. 
Electrical catheter ablation of normal atrioventricular 
conduction has become an established technique for the 
creation of complete heart block in patients with atrial 
fibrillation and flutter uncontrolled by drugs, and has all but 
replaced the use of surgically created heart block. This 
technique lacks elegance because it does not cure the 
arrhythmia, but replaces it with a rhythm disturbance, 
heart block, that can be managed effectively with a pace- 
maker. It follows that the relative simplicity of this 
technique should not lead to its indiscriminate use in large 
numbers of patients, as most can be managed satisfactorily 
with antiarrhythmic drugs or may require no treatment. 
Electrical ablation is not without complications, and recent 
modifications have sought to improve the safety and 
efficacy. 

While it seems logical to use electrical energy to destroy 
electrical function, there are other methods of damaging 
conducting tissue. On page 143 of this issue Sneddon et al 
present their experience with the new technique of trans- 
coronary ablation of atrioventricular conduction with alco- 
hol. They attempted ablation in 14 patients and were able 
to visualise and cannulate the appropriate artery in 10 
(70%). After alcohol injection, chronic complete heart 
block was created in six of these patients, and one further 
patient had persistent conduction but remains symptom 
free without drug treatment. The modest success rate of 
43% on an intention to treat basis, the potential for serious 
complications, and the significant increase in cardiac 
enzymes lead Sneddon et al to conclude that this technique 
should probably be reserved for those in whom other 
ablative procedures have failed. Alcohol ablation was 
successful in one of the three patients in whom electrical 
ablation had failed. 

Such results stimulate not only a critical evaluation of the 
new technique and its place alongside other techniques, but 
also an appraisal of more established methods. Certainly, 
the conventional method of ablation, by high energy 
defibrillator pulses and pacing catheters, has been shown to 
be reasonably effective (64% complete heart block) in a 
large series of patients, with low complication rates.! In a 
more recent report the success rate was 88% but the 
incidence of serious complications was unacceptably high, 
especially the in-hospital mortality of 5% related to the 
procedure.? 

Research into alternative methods has brought two new 
techniques to the fore. Low energy capacitive discharges 
were very successful (79-100%) and did not have the 
complications of high energy ablation?^; this technique is 
indicated when the presenting arrhythmia is atrial fibrilla- 
tion or flutter. Though radiofrequency ablation has not yet 
proved as effective for creating chronic complete heart block 
(36% success in the most recent series), it has proved very 


successful in modifying atrioventricular conduction in 
patients with atrioventricular nodal reentrant tachycardia 
(42-100%).°* However, despite the obvious attractions of 
modifying atrioventricular conduction and thereby pro- 
ducing a more controlled ventricular rate in atrial fibrilla- 
tion or flutter while avoiding the necessity for permanent 
pacing, there is no evidence that such an approach 
improves symptoms. Therefore, we think that in patients 
with atrial fibrillation and flutter creation of complete heart 
block with low energy ablation continues to be the 
procedure of choice. 

Given the high success rates of conventional techniques, 
do we need another method for non-surgical ablation of 
atrioventricular conduction? The answer must be that, 
unless the new technique guarantees success to offset its 
possibly greater associated risks, it is unlikely to be useful. 

'The use of transcoronary alcohol injection to create 
complete heart block deserved attention, and Sneddon et al 
have carefully assessed its benefits and risks. Although in its 
present form it is disappointing, other than as an alternative 
when other techniques have failed, the principles of the 
technique deserve further research. The ability to create 
transient complete heart block in each case with cold saline 
shows that the conduction system can be reached through 
the coronary arteries. Could toxic substances with a highly 
specific affinity for conducting tissue be developed? 
Improvement in catheter and radiological techniques holds 
promise that yet smaller vessels can be cannulated, with 
resulting greater selectivity for target organ damage. At 
present, conventional methods are likely to be successful in 
most patients and those remaining are unlikely to benefit 
significantly from alcohol ablation. 

AD CUNN INGHAM 


ROWLAND 
Royal Brompton National Heart and Lung Hospital, 
Sydney Street, 
London SW3 6NP 
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Endothelium in control 


AH Henderson 


Clinical science has evolved since the days of 
Sir Thomas Lewis, who gave the St Cyres 
lecture in 1931 and whose eponymous chair I 
occupy. It involves still the penetration of 
astute clinical observation, but has come 
increasingly to embrace the elucidation of 
underlying mechanisms in the more con- 
trolled conditions of the laboratory. Its com- 
pass is being stretched by the reductionism of 
molecular and cell biology, but these exciting 
developments do not exonerate us from the 
ever daunting task of seeking to understand 
the coordinated behaviour of the whole. Per- 
haps biomathematics will give new impetus to 
our efforts to discern form in the noise. Never 
was there greater need for cross-talk between 
the different scientific disciplines and between 
scientists and clinicians. 

The greatest growth area in cardiovascular 
science over recent years must surely be in the 
role of endothelium. Not only is there a lot of 
it—equivalent in mass to five normal hearts 
and in area to half a dozen tennis courts per 
standard 70 kg man—but it is coming to be 
recognised as a cardiovascular endocrine 
organ in its own right, occupying a critically 
strategic interface between blood and body, 
and subserving a multitude of regulatory 
roles. These range from acting as a selective 
permeability barrier, through vasomotor con- 
trol, pro- and antithrombotic mechanisms and 
regulation of vascular growth, to metabolic 
and immunological activity. We here consider 
just one—namely the production of endothe- 
lium derived relaxing factor (EDRF), a 
powerful vasodilator substance released from 
the endothelium of all blood vessels of all 
species studied. 


Endothelium derived relaxing factor 

THE PHENOMENON DISCOVERED 

Before 1980, the existence of EDRF was un- 
known. It was in 1980 that Furchgott and 
Zawadski published their now classic paper 
describing endothelium dependent vasodilata- 
tion to acetylcholine.! They had elucidated the 
paradox, long known to pharmacologists, that 
acetylcholine was vasodilator in vivo yet 
vasoconstrictor when studied in vitro with 
arterial strip preparations (where it transpired 
that the delicate endothelium is generally 
inadvertently removed during preparation). 
This explained the findings of our own studies 
at that time, for we had serendipitously (and 
initially unknowingly) encountered the phen- 
omenon while developing an isolated perfused 
coronary artery preparation of the rabbit to 
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study vasomotor regulatory mechanisms. As 
we gained experience with the preparation, 
frustratingly we met with increasing difficulty 
in getting the arteries to constrict.? Indeed 
constrictor responses to the usual vasocon- 
strictor agents were virtually abolished with 
better preparation due, it became apparent, to 
endothelial preservation. 

Furchgott had suggested that the endothe- 
lium dependent vasodilator influence might be 
a humoral factor.’ We developed a cascade 
bioassay system in which effluent from a per- 
fused endothelialised “donor” artery perfused 
a denuded,  pre-constricted “recipient” 
artery and were able to confirm that the 
phenomenon was indeed due to endothelial 
production of a humoral agent, EDRF, both 
tonically in the basal state and to a greater 
extent when stimulated, for example, by 
acetylcholine. By experiments in which we 
altered the transit time between donor and 
recipient vessels, we showed that EDRF is 
unstable, with a half life measured in 
seconds,’ though it is likely to be less than a 
second in vivo.‘ 


EDRF: THE ENDOGENOUS NITROVASODILATOR 
The possibility that EDRF might be nitric 
oxide emerged.*? Direct evidence for this was 
provided by Palmer and colleagues in 1987.* 
There has, however, remained a suspicion 
that EDRF may be not nitric oxide itself but a 
closely related molecule? EDRF is thus the 
endogenous counterpart of the nitrovaso- 
dilator drugs.” The metabolic step involved 
in the production of EDRF is that of activat- 
ing nitric oxide synthase to provide nitric 
oxide from its precursor substrate, L-argi- 
nine," the supply of which seems not nor- 
mally to be rate-limiting because it can be 
regenerated endogenously from other amino 
acids. The short half life of EDRF is thus 
explained, for nitric oxide is rapidly converted 
to nitrite and nitrate in the presence of water 
and oxygen, and even more rapidly by super- 
oxide radicals, which are widely present in 
biological systems. ? 


ERDF RELEASE 

The list of conditions now known to stimulate 
EDRF release is large (for reviews, see!*^). It 
includes agents liberated during platelet 
aggregation and thrombosis (serotonin, ATP 
and ADP, thrombin) (thereby implying a 
further mechanism whereby healthy endothe- 
lium inhibits thrombosis) and a large number 
of hormones and neurotransmitter substances 
(for example, substance P, calcitonin gene 
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related peptide, acetylcholine, noradrenaline, 
vasopressin, vasoactive intestinal peptide, 
bradykinin, histamine) (implying means 
whereby (a) intravascular agents may trans- 
duce their signals across the endothelial 
barrier and (b) agents liberated from adven- 
titial autonomic nerve endings on smaller 
arteries may exert their action after diffusion 
through to the endothelium). As an experi- 
mental tool, calcium ionophore can be used to 
stimulate EDRF release independently of 
receptors. Perhaps the most important 
physiological stimulant of EDRF release, 
though, is flow rate! acting through the 
relatively small longitudinal shear force 
experienced uniquely by the endothelium—as 
confirmed by experiments with fluids of 
different viscosity" and as increased with 
pulsatile flow.” 

The mechanism of agonist stimulated 
release of EDRF from endothelial cells 
involves occupation of specific receptors, lead- 
ing to activation of the phosphoinositol path- 
way and an increase in cytosolic calcium,” 
both from release of internally stored calcium 
(which causes a transient high calcium level) 
and from continuing influx of extracellular 
calcium (which maintains a level of calcium 
sufficient to stimulate EDRF production but 
which is lower that that which would 
stimulate prostacyclin production)? Shear 
force is thought to act through altering potas- 
sium conductance, leading by ionic inter- 
change to an increase in cytosolic calcium.” 
Calcium (via calcium calmodulin) activates 
nitric oxide synthase? to produce EDRF. The 
stimulated production of EDRF is dependent 
also on the provision of mitochondrial ATP.* 
Some negative feedback control exists in that 
EDRE activates soluble guanylate cyclase in 
endothelial as in other cells (see below) and 
thus inhibits its own production in response 
to some agonists.” * 


ACTION OF EDRF 
Nitric oxide interacts with the haem moiety 
present in the cytosolic enzyme, soluble 
guanylate cyclase, to activate it and thereby 
raise intracellular concentrations of cyclic 
GMP. 10 371-40 

An increased intracellular concentration of 
cyclic GMP inhibits the agonist induced 
activation of the phosphoinositol pathway, 
which is responsible for stimulating calcium 
influx and intracellular calcium release and thus 
for increasing cytosolic free calcium.“ An 
increase in cyclic GMP in vascular smooth 
muscle cells therefore relaxes vascular smooth 
muscle tone, particularly where this is 
increased by receptor mediated stimulation. 
It has analogous effects in other cell types-—for 
example, platelets, myocardium (see below). 

Haemoglobin also contains a haem moiety 
with which nitric oxide competitively inter- 
acts.*' The sink of haemoglobulin within 
erythrocytes,” as well as haemoglobin com- 
plexed to haptoglobin in plasma,” ensure that 
EDRF has no downstream activity within the 
vascular compartment, as experimentally con- 
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firmed.” Its action is thus localised to the 
immediately subjacent vascular smooth mus- 
cle. Hach millimetre of endothelium controls its 
own little bit of the vascular system. 


VESSEL DIFFERENCES 

EDRE activity has been demonstrated in every 
vessel studied—arteries, microvessels, and 
veins—and in every species studied," ©!” with 
the implication that it is of primitive evolution- 
ary origin. There are however considerable 
differences in the level of activity in different 
vessels,” >! Differential bioassay has confirmed 
that these are due to differences both in the 
response to EDRF and in its release.” These 
may be differences in basal release, flow related 
release, or release resulting from receptor 
stimulation, also with differences in specific 
receptor responsiveness. Differences in ob- 
served responses must also take account of 
differential baselines, as set by the levels of basal 
or flow related EDRF activity, because a “‘re- 
sponse" represents the difference between the 
starting level (baseline) and the end point 
(ceiling) of the response and will be as much 
influenced by the basal as by the stimulated 
level? Furthermore, many of the known 
stimulants of EDRF act not only on endothelial 
receptors but also on vascular smooth muscle 
receptors (not always of the same subtype). 
The resultant response to such a “double 
agent" will thus depend on the relative 
strengths of the EDRF mediated dilator re- 
sponse and the direct constrictor response. 
Clearly there is rich potential for variation in 
different blood vessels, and under different 
physiological conditions let alone pathological 
ones. 

It has generally been considered that veins 
show lower EDRF activity than arteries.) ” 
Bioassay experiments have suggested that, at 
least in some cases, the difference may lie more 
in the response to EDRF than in its release.” At 
first sight, this runs counter to the generally 
held clinical view that the major site of acnon 
of its pharmacological analogue, the nitro- 
vasodilator drugs, is on the venous system.” 
This nitrovasodilator selectivity, however, 
probably reflects the need for most organic 
nitrovasodilator drugs, such as glyceryl trin- 
itrate or the isosorbide nitrates, to undergo 
metabolic conversion to provide the active 
principle, nitric oxide, and veins seem better 
endowed with this metabolic pathway than 
arteries (while platelets seem to lack it 
entirely)? * these considerations do not apply 
to molsidomine, SIN-1, or sodium nitro- 
prusside which are sources of nitric oxide that 
do not depend on this metabolic step. Compar- 
ison of EDRF activity between different blood 
vessels is in practice difficult because the ques- 
tion is not as simple as it appears. Bioassay 
experiments have indeed confirmed the ability 
of veins (for example, human saphenous vein) 
to relax in response to EDRF® and of human 
saphenous vein to produce EDRF.” However, 
EDRF activity depends not only on EDRF 
production and the response to EDRF, but also 
on the specific agonists used to cause constric- 
tion and to stimulate EDRF release. Much of 
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the apparent controversy in published reports 
is attributable to limitations inherent in the 
techniques used and to vessel specific differences 
between endothelial responsiveness to different 
agonists. 


Microvessels 

EDRF IN VIVO 

Tonic microvascular EDRF activity has been 
demonstrated by infusing or feeding analogues 
of arginine which block nitric oxide produc- 
tion. In the intact rabbit, for example, this 
causes a substantial, prolonged but reversible 
increase in blood pressure—interestingly with- 
out calamitous platelet aggregation.” Inhibi- 
tion of coronary EDRF activity limits per- 
fusion of isolated buffer perfused hearts to the 
point of inducing global ischaemia.“ In the 
human forearm, intra-arterial infusion of an 
arginine analogue likewise reduces flow, illus- 
trating the contribution of tonic microvascular 
EDRF activity to the human circulation. 


EDRF AND FLOW IN VASCULAR NETWORKS 

The influence of EDRF activity on the 
coordinated behaviour of an intact micro- 
vascular bed has been investigated in the per- 
fused rabbit ear, using microradiographic tech- 
niques to image simultaneously different gen- 
erations of microvessels (down to about 100 um 
diameter) and observe their calibre in response 
to changes in flow in the presence and absence of 
EDRF activity. ® These studies illustrate the 
interdependence of different vessels within the 
bed and emphasise the need to consider the 
integrated behaviour of the whole vascular bed. 
For example, a pharmacologically induced 
increase in distal resistance can raise intra- 
vascular pressure and lead paradoxically to 
proximal dilatation, while a reduction of resis- 
tance in one part of a bed can lead to EDRF 
mediated dilatation as a result of increased flow 
throughout the bed. 

Flow related EDRF activity amplifies a 
locally induced change in resistance in the bed, 
thus contributing, for example, to a meta- 
bolically mediated hyperaemic response. It 
also coordinates the changes in calibre 
throughout the bed. Furthermore, it reduces 
the increase in pressure needed to drive 
increased flow: specifically, flow (Q) was shown 
to be related to diameter (D) to the fourth 
power (Q = aD‘ + b, where a and b are 
constants) when EDRF was present but not in 
its absence, implying that EDRF results in 
progressively reduced increments of pressure 
in order to increase flow at high flow rates. 
Moreover, EDRF activity was necessary to 
preserve constancy of flow distribution at dif- 
ferent flow rates: in the absence of EDRF 
activity, flow distribution became hetero- 
geneous—a form of “‘steal’’. 


BRANCHING GEOMETRY OF VASCULAR BEDS 

Analyses of vessel diameters in relation to flow 
in the rabbit ear preparation have shown that 
the pattern of branching angles in the bed 
provides for optimal minimisation of power 
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losses—an optimality of design which is lost in 
the absence of EDRF activity.” 


AUTOREGULATION 

The “‘myogenic response", which is intrinsic to 
vascular smooth muscle in most beds, describes 
the constriction induced directly by an increase 
in intraluminal pressure. This is a positive 
feedback mechanism which makes for a poten- 
tially unstable situation unless balanced by an 
opposing positive feedback mechanism. EDRF 
may be seen as answering this need, for pres- 
sure is normally coupled to flow and increased 
flow leads to EDRF mediated vasodilatation, 
thus providing a positive feedback mechanism 
in the opposite direction. 

The myogenic response is predominantly 
responsible for autoregulation of flow, whereby 
the flow is maintained relatively constant des- 
pite changing pressure within limits. EDRF 
opposes this phenomenon. The relative 
strength of these two mechanisms determines 
the degree of autoregulation, as appropriate to 
the biological needs of different beds.” 


PHYSIOLOGICAL IMPLICATIONS 

EDRF activity is high in the microvessels. In 
the intact network of the rabbit ear, it was 
particularly high in those vessels best placed to 
control distribution of flow (about 100—200 fim 
diameter) where calculated shear force was also 
highest. EDRF seems to have an important 
physiological role in maintaining “efficiency” 
of perfusion. Even minor impairment of EDRF 
activity would have adverse effects on the 
efficiency and work of perfusion. 


Platelets 

EDRF also increases cyclic GMP concentra- 
tion in platelets.” This inhibits both platelet 
adhesion and platelet aggregation, whereas 
agents that increase cyclic AMP (prostacyclin, 
adenosine) inhibit only aggregation. It is dur- 
ing adhesion that platelet derived growth factor 
(PDGF) is released. Cyclic GMP and cyclic 
AMP act at different sites within the cell and 
their effect on aggregation is synergistic." 

Activated platelets release agents (for exam- 
ple, serotonin, adenosine diphosphate (ADP) ) 
which stimulate intact endothelium to release 
EDRF; EDRF inhibits further platelet 
aggregation and causes local vasodilatation—a 
negative feedback. In the absence of endo- 
thelium, the direct action of these same agents 
causes further aggregation and local vasocon- 
striction—a positive feedback. Aggregation 
and constriction will thus be localised to the site 
of endothelial damage. 

Platelets seem to have nitric oxide synthase 
themselves.” Platelet activation is associated 
with nitric oxide production, and nitric oxide 
will activate soluble guanylate cyclase in the 
platelets to provide some negative feedback to 
the activation process.” 


Endocardium 
Endothelium also lines the much trabeculated 
cavity of the cardiac chambers. It has recently 
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been shown that just as vascular endothelium 
influences vascular smooth muscle tone so 
endocardial endothelium can influence contrac- 
tion of underlying cardiac muscle.” ™ Selective 
removal of endocardium from isolated 
papillary muscle preparations results in a 
“negative inotropic" effect which is unusual in 
that the duration of contraction is abbreviated 
but contractile behaviour early during the 
course of a contraction is unaltered. Effluent 
from cultured endocardial cells reverses this 
effect, thereby confirming that endocardium 
tonically releases a myocardial contraction 
prolonging factor (**endocardin??)9"*? of as yet 
unknown identity. It does not seem to be any of 
theobvious candidates such as an endothelin or 
a prostaglandin. Preliminary experiments sug- 
gest that the tonic contraction-prolonging effect 
of endocardium which has been shown in 
isolated preparations is manifest also in the 
intact ventricle’ despite the small mass of 
endocardium relative to myocardium.” 
Clearly, this could be important in modulating 
diastolic filling. Conversely, endocardium can 
also ‘be stimulated to release EDRF which 
increases cyclic GMP concentrations! 925485 in 
myocardium and, like other interventions 
which raise myocardial cyclic GMP, shortens 
the duration of contraction—an effect which is 
indistinguishable from that of removing 
endocardium (which does not itself alter cyclic 
GMP concentrations). 


Other sources of nitric oxide 

It is becoming evident that, nitric oxide is an 
intercellular signal which fulfils a very wide 
variety of physiological roles. Many cell types 
other than endothelium also produce nitric 
oxide—platelets (see above), brain,” ® adrenal 
celis,” non-adrenergic non-cholinergic nerve 
fibres,” * neutrophils, monocytes, and mast 
cells”; while macrophages also produce nitric 
oxide as part of their immunological response 
but probably by a different mechanism.” ™ 


Pathophysiology 

There is a growing list of conditions in which 
EDRF activity seems to be impaired—includ- 
ing subarachnoid haemorrhage,” endothelial 
damage and repair,°*'™ ischaemia and reper- 
fusion, atheroma, hypertension, diabetes, heart 
failure, lack of oestrogens,” and aging. !95 
Conversely, increased EDRF production dur- 
ing endotoxin shock may be responsible for 
hypotension’ but also perhaps for survival. 
Endothelium, indeed, seems to be a prime 
target for “cardiovascular risk factors". 


SUBARACHNOID HAEMORRHAGE 

Subarachnoid haemorrhage is known to be 
complicated by cerebral vasoconstriction. 
Given that haemoglobin interacts with EDRF 
where it can get at it, an obvious potential 
mechanism is suggested. Several studies now 
provide convincing evidence that the constric- 
tion is indeed attributable to inhibition. of 
EDRF activity by haemoglobin.» Experi- 
mental in vivo injection of haemoglobin or 
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whole blood into the subarachnoid space causes 
constriction of the intrathecal cerebral arteries 
associated with a reduction in their cyclic GMP 
content (T M Griffith, unpublished observa- 
tions). The effects persist for up to a week, with 
histological evidence of haemoglobin in the 
intimal layers. This probably reflects seepage 
through these intrathecal arteries, which are 
peculiar in that they have no vasa vasorum and 
may be more porous than other arteries. 


ENDOTHELIAL REGENERATION f 

Several groups have studied the effects of 
balloon denudation of coronary arteries fol- 
lowed by regrowth. Endothelium regrows 
within about a week but interestingly this may 
be followed over subsequent months by pro- 
gressive and selective impairment of receptor 
mediated EDRF responsiveness." These 
studies have important implications. Endo- 
thelial cells normally live for more than 10 
years. They can obviously be kicked into rapid 
reproductive activity, however, by the crude 
insult of physical damage, after which they 
appear morphologically different? ' and can 
exhibit altered function for up to six months.'*! 
'The selective impairment of EDRF respon- 
siveness has been analysed further in the pig 
model, where the pattern of the impaired 
relaxation of coronary artery rings was shown 
to correspond to pertussis toxin sensitivity of 
these agonists and thus to dependence on a 
particular G protein that couples receptor 
occupation to cell signalling.” The endo- 
thelium seems to undergo an alteration of 
phenotypic expression, analogous to that which 
occurs in vascular smooth muscle where a 
change from normal contractile to synthetic 
phenotype underlies the proliferative growth 
intrinsic to atherogenesis and to the intimal 
hyperplasia seen after angioplasty and in graft 
stenosis. 


ISCHAEMIA AND REPERFUSION 

Ischaemia followed by reperfusion results in 
specific and probably prolonged impairment of 
EDRF responsiveness while endothelium 
independent responses remain unaltered,9*!! 
EDRF activity is not impaired after ischaemia 
alone but becomes impaired progressively dur- 
ing the early minutes of reperfusion. Most 
studies have used rather long periods (for 
example, 60 min) of ischaemia, ®!'® but 
impaired EDRF responses in conduit coronary 
arteries have been demonstrated after even 15 
minutes in vivo ischaemia (which also alters 
microvascular endothelial function as eviden- 
ced by protein leak).!? Similar specific impair- 
ment of EDRF activity is evident in the coron- 
ary conduit and resistance vessels in the intact 
heart. The changes are probably secondary to 
mediators derived from reperfused ischaemic 
myocardium rather than reoxygenation of 
ischaemic endothelium itself, for endothelial 
cells in culture are remarkably resistant. 
Microvascular polymorph adhesion and plug- 
ging are known to occur during ischaemia and 
reperfusion. Neutrophil activation releases 
superoxide radicals and impairs EDRF 
activity.!*!5 If adhesion is prevented by 
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specific antibodies, this sequence of events is 
prevented. Lymph draining ischaemic 
myocardium has been shown to contain agents 
chemotactic for polymorphs." Adenosine 
which increases neutrophil cyclic AMP content 
and inhibits superoxide production,!? can on 
the other hand ameliorate polymorph plugging 
and improve reflow.!? Conversely, intracoron- 
ary infusion of complement components can 
cause transient polymorph adhesion and plug- 
ging even in the absence of ischaemia.!? The 
suspicion is thus that oxygen free radicals are 
involved in this impairment of EDRF produc- 
tion and that they are derived predominantly 
from activated neutrophils in vivo. 

Selective impairment of endothelium depen- 
dent relaxation evoked in vitro by aggregating 
platelets has been demonstrated for up to 12 
weeks after reperfusion. Another conse- 
quence of impaired microvascular EDRF 
activity after reperfusion might be a redistribu- 
tion of perfusion at the expense of the vulner- 
able endocardium." 


ATHEROMA 
A wide range of hyperlipidaemic atheroma 
models, ranging from the rabbit to the primate 
and from hereditary to dietary hyperlipi- 
daemia, have consistently shown impairment 
of receptor mediated EDRF responsiveness in 
large (for example, coronary) arteries while 
endothelium independent dilator and constric- 
tor responses are preserved.!?*1?' It was at first 
thought that the layer of lipid deposition acted 
as a barrier interfering with EDRF diffusion to 
the underlying vascular smooth muscle, but it 
is now known that endothelial production of 
EDRF is impaired. The phenomenon is rever- 
sible though this takes as long as 18 months in 
the primate model'? and the abnormalities 
have persisted for 10 weeks in the rabbit model. 
Does an insult to the endothelium also affect 
the less easily studied microvessels? As might 
have been predicted, abnormalities have now 
been reported also in the microvessels, 
specifically in respect of EDRF responsiveness 
to acetylcholine, bradykinin, and the calcium 
ionophore in coronary microvessels (100— 
200 um in diameter) whereas the endothelium 
independent response to adenosine and 
nitroprusside remained normal. The ex- 
perimental hyperlipidaemia that is responsible 
for inducing atheroma—with intimal hyper- 
plasia, foam" cells, and fibrosis—in the large 
arteries clearly also impairs endothelial func- 
tion in the microvessels, with potentially 
adverse consequences for the "efficiency" and 
homogeneity of flow distribution (see the sec- 
tion on coronary artery disease, below). 
Conversely, feeding with fish oil may enhance 
EDRF activity. 79 39? We may expect to hear 
more of dietary manipulation of the lipid 
content of cell membranes and their influence 
on properties such as endothelial responsive- 
ness to stimulants of EDRF activity. 


CORONARY ARTERY DISEASE 

Early experimental studies with coronary 
artery preparations where intact endothelium 
abolished conventional vasoconstrictor re- 
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sponses had illustrated vividly how localised 
damage provided a model of non-specifie local- 
ised constriction or "spasm".? Studies with 
clinical corona-y artery disease have now 
produced an impressively consistent body of 
evidence showing that specific EDRF respon- 
siveness is impaired in the large coronary 
arteries, as measured by angiographic calibre of 
these arteries in response to a number of 
interventions. Dose responses to the "double 
agent", acetylcholine, show a shift from dilata- 
tion in normal arteries towards increasing 
degrees of constriction in relation to graded 
severity of underlying atheroma, as evidenced 
by “irregularity” or *'stenosis?*.*155 A similar 
shift towards constrictor responses was 
observed in angiographically smooth arteries in 
relation to the presence of overt disease in other 
coronary arteries," or to the presence of 
known risk factors for atheroma,’ or indeed to 
age. The inference is that the EDRF 
mediated dilator response to acetylcholine is 
depressed in the presence of atheroma, of 
which angiographic evidence is an insensitive 
measure given the remodelling which preserves 
vessel calibre until the atheroma grows quite 
large. A similar shift from dilatation to con- 
striction of upstream proximal arteries in rela- 
tion to coexisting atheroma was seen in res- 
ponse to the increased flow through these large 
arteries induced by distal intracoronary injec- 
tion of non-specific dilators such as papaverine 
or adenosine.'* !* This shift in the response of 
proximal arteries was seen also with more 
physiological interventions such as exercise, 
the cold pressor test,’ or a pacing induced 
increase in heart rate." 

Interestingly, these two last interventions, 
which normally increase flow through the bed, 
decreased flow in the presence of non-critical 
upstream atheromatous stenosis, suggesting 
that there are corresponding changes in the 
responsiveness of resistance vessels. Recent 
studies by Drexler and colleagues provide 
further evidence of impaired microvascular 
EDRF responsiveness in the human coronary 
arterial bed: the increase in coronary flow 
induced by acetylcholine relative to that 
induced by endothelium independent dilata- 
tion with papaverine was found to be reduced 
in the presence of minor coronary artery dis- 
ease and/or hypercholesterolaemia’ (and H 
Drexler, personal communication). 


HYPERTENSION, DIABETES, SYNDROME X, HEART 
FAILURE, CARDIOMYOPATHY, VEIN GRAFTS 
EDRF activity in large arteries can also be 
impaired in experimental’ and clinical! 
hypertension and in diabetes.’ Impaired 
EDRF activity may also contribute to 
impotence in diabetes.” Both hypertension 
and diabetes are associated with “small vessel 
disease” and it is notable that the experimental 
combination of the two conditions can cause a 
form of cardiomyopathy" that seems to be the 
result of focal necrosis of microvascular 
origin.” 

The pathogenesis of microvascular angina 
(syndrome X) remains unknown.” A relative 
constrictor response to ergometrine has been 
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described in some such patients," and 


ergometrine is another “double agent" which 
both stimulates EDRF release and exerts a 
direct constrictor action on vascular smooth 
muscle.5* It is legitimate to speculate on a 
possible role of impaired “feed-vessel”” EDRF 
activity despite the limited therapeutic res- 
ponse to vasodilators in this condition (“lum- 
ped" pharmacological presentation of a drug 
may well achieve less effective dilatation than 
coordinated dilatation from flow stimulated 
release of an endogenous agent). 

EDREF activity in the systemic arteries has 
also now been reported to be impaired in heart 
failure'^* and in the coronary bed in congestive 
cardiomyopathy." Conversely it has been 
reported to be increased by chronically 
elevated flow. It is also impaired after 
preparation of vein grafts.” 

Endothelium seems indeed to be vulnerable 
to many insults, with potentially far reaching 
pathophysiological implications. 


A role in atherogenesis? 

LIPOPROTEINS 

Evidence is accumulating that low density 
lipoproteins (LDL) impair EDRF activity in 
vitro,-19 LDL can directly inactivate EDRF, 
but it seems likely that oxidised LDL mediates 
a more important and longer lasting effect. In 
one study, the same adverse effect on EDRF 
responsiveness could be induced by lyso- 
lecithin at concentrations similar to those 
found in the oxidised LDL: it was suggested 
that alteration of the composition of the 
endothelial lipid membrane may influence 
receptor function for stimulation of EDRF 
release.’ LDL may be oxidised by, for exam- 
ple, endothelial cells, macrophages, or vascular 
smooth muscle cells in the arterial wall, there to 
be taken up by scavenger receptors on the 
macrophages where it accumulates to form 
foam cells and contribute to the atheroma.’® 


LOCALISATION OF ATHEROMA 

The predilection of atheroma for certain sites 
implies haemodynamic influences in the 
process, the signal for which is thus likely to be 
mediated by the endothelium. The weight of 
evidence now points strongly to localisation of 
atheroma at sites of low shear stress.“ In 
speculating on the possible role of EDRF in 
localising atheroma, two experimental observa- 
tions may be relevant. 

Transport of lipoproteins across vessel walls 
will depend on their intravascular concentra- 
tion, driving pressure, wall thickness, and wall 
“permeability”. As an example of this last 
determinant, Caro and Lever showed that 
nitrovasodilators enhanced mass transport of 
particles across large artery walls’®: fewer 
particles accumulated on the intimal side of the 
media as the lattice of the medial smooth 
muscle was relaxed, with, by implication, faster 
transit across the wall. For particles, read LDL 
and for nitrovasodilators, read EDRF. EDRF 
activity is increased by high shear stress. High 
shear stress, via EDRF, could thus reduce the 
transit time of LDL across the arterial wall and 
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the opportunity for oxidation en route. More 
recent work indicates that LDL moves less 
freely through the arterial wall than albumin, 
and that high transmural pressure greatly 
increases LDL concentrations in the intima,’* 
adding further to the view that the media acts as 
a molecular sieve for LDL.” The second 
experimental observation derives from simple 
experiments in which wrapping foil around a 
blood vessel leads to the rapid development of 
atheroma.' 4 One possible explanation for this 
is that the foil somehow prevents the egress of 
LDL from the adventitial surface of the vessel 
thereby contributing to its accumulation. 


ENDOTHELIAL DAMAGE/DYSFUNCTION 
Endothelial damage has long been held to be 
important in the atherogenic process, though 
opponents of the hypothesis have drawn atten- 
tion to the relative lack of histological evidence 
for endothelial damage. It is notable too that 
localised experimental removal of endothelium 
which does not damage the underlying vessel 
wall does not induce intimal hyperplasia.’” 
Conversely, continuing minor endothelial 
damage as from an indwelling catheter does 
induce intimal hyperplasia.'” It seems that the 
normal repair process after an episode of 
endothelial injury is self limiting, whereas 
prolonged stimulation of repair from recurrent 
endothelial damage perpetuates a chronic 
inflammatory response which results in the 
atheromatous lesion. 

Endothelial cells normally divide only rarely, 
but they can be stimulated to divide rapidly to 
re-cover a denuded area. Such recently re- 
grown cells have a somewhat different morpho- 
logical appearance and tbeir function (as man- 
ifest for example by altered EDRF responsive- 
ness) remains abnormal for long periods. It has 
now been shown that other insults that fall 
short of causing actual denudation also result in 
prolonged dysfunction, associated generally 
with some alteration of morphological 
appearance. The evidence suggests that 
endothelium can undergo phenotypic modula- 
tion in response to several adverse stimuli, as 
for example the cytotoxic action of oxidised 
LDL. A central role of endothelium in ath- 
erogenesis might then be dependent on such 
phenotypic alteration, rather than on actual 
damage itself. Whether the altered phenotypic 
expression represents a single functional state 
characterised by both cell division and a pat- 
tern of altered function, or whether there can be 
variations on this theme (that is, a spectrum of 
altered phenotypes), remains unknown. 
Likewise it is not clear whether the altered state 
necessarily reflects the response of neighbour- 
ing endothelial cells to cryptic cell loss, or 
whether it can be the direct response of endo- 
thelial cells to adverse stimuli that fall short of 
causing actual cell death. 

Reduced EDRF responsiveness is thus likely 
to be but one manifestation of altered endothe- 
lial function—a marker of an altered state 
which has other atherogenic characteristics, as 
for example by increasing leucocyte adhesion 
and attracting and promoting growth of 
underlying cells, leading to the atheroma which 
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has many characteristics of a chronic local 
inflammatory response. 

Reduced EDRF activity itself, however, 
could have far reaching effects which might 
contribute to the atherogenic process. Nitric 
oxide is an oxygen radical scavenger. Less 
nitric oxide implies more superoxide, with 
greater propensity to oxidise LDL as well as 
contribute to further cell dysfunction. Less 
EDRF implies less porosity of the arterial wall 
and longer transit time, offering greater oppor- 
tunity for oxidation en route. Less EDRF 
implies less inhibition of platelet adhesion with 
its consequent very localised release of platelet 
derived growth factor (which may then con- 
tribute to the cascade of events underlying 
intimal proliferation and atheroma). Less 
EDRF also means lower concentrations of 
cyclic GMP in the artery wall, and cyclic GMP 
exerts antiproliferative effects in some prepara- 
tions of vascular smooth muscle cells, 
possibly in relation to whether they are in the 
contractile or synthetic phenotype. 


An integrated system 

A lecture such as this offers a rare opportunity 
for indulging in an overview of the field that 
seeks to discern form emerging through the 
mists of uncertainty which always lie ahead. 
Technical developments that allow us to 
measure and analyse flow have coincided with 
new conceptual insights into its control. We 
have moved from a cardiovascular preoccupa- 
tion with pressure, faute de mieux, to an era in 
which we are seeing an accelerating exploration 
of the complexities of flow. Flow after all is what 
the circulation is all about. It has become clear 
that endothelium, sited at the interface between 
flowing blood and the vessel wall, plays a key 
role in controlling vascular structure as well as 
tone. Future cardiovascular physicians will 
surely look back on the present surge in our 
understanding of the vascular system as a major 
chapter in the evolution of our specialty of 
cardiovascular medicine. 
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Trial was set up to test the hypothesis that the 
benefits of aercbic exercise training could be 
equally well achieved through a less expensive 
programme of light exercise based upon 
physiotherapy. The study was an open 
Management trial in which male patients were 
randomly allocated to eight weeks in a 
programme of group aerobic exercise training 
or a programme of group light exercise. This 
was a consecutive series of patients admitted 
to a single coronary care unit. Short term and 
long term physical, psychological, occupa- 
tional, social, end marital adjustments were 
investigated. The end point of this study was 
physical working capacity (as an estimate of 
maximal total body oxygen uptake) measured 
by treadmill testing: eight weeks and 12 


Men aged less than 70 with 'electrocardiogra- 
phic evidence of transmural acute myocardial 
infarction were eligible for the programme. 
Transmural myocardial infarction was deter- 
electrocardiographic 
criteria of the World Health Organisation 
(1959), namely, new abnormal Q waves and the 
development of characteristic ST and T wave 
changes. Patients with, posterior myocardial 
infarction, as defined by Perloff, were also 
eligible. An increase in the activity of cardiac 
enzymes in the serum to more than twice the 
upper limit of normal (normal: creatine kinase 
« 180 IU/I, aspartate transaminase «30 IU/D) 
was required to confirm that the infarct was 


Non-transmural or non-Q wave infarction 
generally results in a smaller infarct, a high 
angina," more 
frequent reinfarction,’ and more frequent 
coronary artery bypass graft surgery. For 
these reasons, patients with non-transmural 
acute myocardial infarction were excluded 


Short term and long term coronary prognos- 
tic indices were calculated for all patients.!! ? 
The electrocardiographic infarct site was 
determined from the electrocardiogram.” For 
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Effect of early programmes of high and low 
intensity exercise on physical performance after 
transmural acute myocardial infarction 
A J Goble, D L Hare, P S Macdonald, R G Oliver, M A Reid, M C Worcester 
Abstract 
Does a programme of light exercise 
training after acute myocardial infarc- 
tion produce the same improvement in 
treadmill performance as aerobic 
exercise training? Three hundred and 
eight men from a consecutive series of 
479 men with transmural (Q wave) acute 
myocardial infarction, admitted to a 
single coronary care unit, were 
randomly allocated to eight weeks of 
group aerobic exercise training or group 
light exercise. Groups were well matched 
for all characteristics other than site of 
infarction, which did not significantly 
affect results. Mean (SD) physical work- 
ing capacity (metabolic equivalents) 
determined by treadmill testing at the months after entry into the programme. 
start of the study (in.the third week after 
infarction) was 6:8 (2:2) v 6:7 (2:5) METs, 
at the end (in the eleventh week after Patients and methods 
infarction) 10-8 (2:3) v 9:9 (2:4) METs, 
and at 12 month review 10-8 (2:4) v 10-7 
(1:9) METs for the exercise training 
group and the light exercise group 
. respectively, The difference of 0:9 METs mined according to 
at the end of the study was the only 
significant difference between groups. 
There were no significant intergroup 
COME. Arata differences at any stage in resting and 
Hospital, Melbourne, maximal heart rate, resting and 
Australia maximal systolic blood pressure, or 
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lower level of exercise would largely remove 

the hazards of cardiac arrest or skeletal injury 

and avoid the need for medical supervision. 
The Austin Hospital Cardiac Rehabilitation 


purposes of analysis, patients with anterior and 
lateral myocardial infarctions were grouped 
together, as were those with inferior and pos- 
terior myocardial infarctions. Clinical heart 
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failure was graded by Killip class.!* Gradings of 
radiographic heart failure and radiographic 
heart size were assessed by a portable chest 
rádiograph." A medical history of previous 
ischaemia and previous infarction was noted; as 
was electrical’ reversion from ventricular 


' fibrillation. 


We used the following exclusion criteria: 
death or cardiogenic shock in the coronary care 
unit; physical.or psychological disability con- 
sidered sufficient to’ impair participation in an 
exercise programme; residence at considerable 
distance from programme venues; inadequate 
command of English; anticipated non-com- 
pliance or expressed reluctance to participate; 


., contamination, determined by expressed 


preference for one or other programme; and 
other, reasons including early transfer to 
another hospital and administrative error. 

At discharge from the coronary care unit, 
patients .were randomly ~ allocated to a 


l ,:programme of exercise training or light exer- 


cise rehabilitation. Hospital management of 
both groups of patients was identical. All 
patients had the same staff, advice, literature, 


'.. and baseline evaluations. The randomisation 


procedure was based on the method of Peto et 
al by which the random allocation to treatment 
groups is balanced by even-numbered groups 
of subjects. Patients were classified as having 
pulmonary oedema according to whether they 


| had radiographic and/or clinical evidence of 


pulmonary oedema in the coronary care unit. 


. Those with pulmonary oedema were randomly 


allocated as a separate group. Patients entered 


-the trial if they had the entry exercise test and 


had attended one exercise class. All patients 
gave their informed consent to enrolment in an 


. exercise programme and to participation in 


repeated exercise testing and reviews. 
We analysed data by the SPSSx package. We 


- used t tests or y^ tests, with Yates’s correction as 


appropriate, to compare results in the two 
groups.. Probability levels were rounded to 


, three decimal places. For some comparisons of 


small numbers, we calculated Fisher's exact 
probability (one sided) to check the x° value. All 


. other probabilities quoted are two sided. The: 
, expected sample size of this trial (about 150 


patients randomised to each programme) 
provides considerable power (95%) to detect a 
difference in mean physical performance as 
small as 1 MET in a two sided test at the 1% 
level of significance. 

, The exercise training programme complied 
with the recommendations of the 1979 


,American Heart Association Committee 


Report on Standards for Cardiovascular 
Exercise Treatment Programs.’ Every session 
was attended by an exercise physiologist and 


. physician. Resuscitation equipment was 
. present in the gymnasium (Heidelberg 


YMCA). Ciasses were held on three days a 
week for eight weeks. The first attendance was 


.* usually in the second week (8-14 days) after 
myocardial infarction when patients watched . 


the class. T'he aerobic training segment started 


: after, the first symptom limited exercise test 
, performed in the third week (15-21 days). 


Exercise classes began with 10 minutes of warrn 


up activities—generally muscle stretching on 
rubber mats in a gymnastics room. The aerobic 
segment was based on walking and jogging in ' 
the major gymnasium (a basketball court). 
Exercise levels were prescribed on an 
individual basis and calculated from the symp- 
tom limited exercise test at entry. An additional 
exercise test was performed in the fourth week 
to define modification of the training heart rate. 
Patients performed 30 minutes of continuous 
aerobic exercise at a level of energy expenditure 
that maintained their heart rate at 75-85% of 
maximum. Pulse rates were checked every five 
minutes. A 15 minute cooling down phase 
consisted of more static stretching and light 
calisthenics. Patients were repeatedly advised 
of the need to attend sessions to achieve a 
training effect. 

The light exercise programme was conduc- 
ted in a single hospital room supervised by one 
or two physiotherapists, with a physician 
available if required. Most patients first atten- 
ded in the second week (8-14 days) after 
myocardial infarction to watch the class. From 
the third week, patients attended two classes a 
week for eight weeks. Activities included calis- 
thenics and exercises on a stationary bicycle, a 
set of steps, weights, and a rowing machine. 
Exercise was interrupted by periods of rest, 
thereby reducing a significant training effect. 
Patients were allowed to increase their pulse 
rate intermittently to no greater than 20 beats 
per minute above the resting level. They were 
advised of the desirability of attending classes 
until they felt they need no longer attend. 

Patients in both groups were also asked to 
walk each day at a comfortable pace for at least 
30 minutes. For those patients in whom pul- 
monary oedema developed in the coronary care 
unit, entry into both programmes was post- 
poned for two weeks. 

All exercise tests were symptom limited 
maximal graded treadmill tests performed on a 
computer controlled Viagraph (IMC, Denver, 
Colorado, USA) exercise testing system with 
continuous monitoring and recording each 
minute ofa modified 12 lead electrocardiogram. 
For balance, patients were allowed lightly to 
touch the hand rail"! Blood pressure was 
recorded every three minutes the conventional 
way by auscultation in the early stages of 
testing and each minute towards the end of the 
test, as required. Tests were stopped if dis- 
abling symptoms, hypotension (a drop in 
systolic blood pressure of more than 20 mm Hg 
compared with an earlier stage), or ventricular 
tachycardia (the presence of more than three 
successive ventricular extrasystoles) devel- 
oped. Medications, including f adrenoreceptor 
blocking agents, were not stopped before exer- 
cise testing. Both patient groups had their entry 
exercise test in the third week after acute 
myocardial infarction. Exit tests were conduc- 
ted in the eleventh week when the programmes 
had been completed. A review treadmill test 
and physical examination were conducted 12 
months after trial entry. 

All entry and prescription treadmill tests 
were performed according to fixed rate proto- 
cols.” The exit and 12 month tests were usually 
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Distribution of eligible 


‘| po 





performed according to a Bruce protocol"; but 
under some circumstances, a fixed rate protocol 
was used. Physical working capacity was esti- 
mated from standard nomograms for maximal 
oxygen uptake and expressed as multiples of 
resting energy expenditure (METs) where 1 
MET = total body oxygen uptake of 3-5 ml 
min/per kg body weight." We used the rate- 
pressure product as an index of myocardial 
oxygen consumption and defined it as the 
highest product of simultaneously measured 
heart rate and systolic blood pressure during 
the exercise test.” 

During the eight week rehabilitation 
programmes, patients received medication to 
control angina, blood pressure, dyspnoea, or 
cardiac failure, as required. 

Withdrawal from the trial was defined as 
failure to undergo the prescribed treadmill 
tests. Withdrawals occurred between ran- 
domisation and entry tests (entry withdrawals), 
between entry and exit tests (exit withdrawals), 
and between exit and review tests (review 
withdrawals) because of death, coronary artery 


Table 1 Reasons for exclusion d 142 patients with acute 
myocardial infarction from trial 


Reason No 
Death in CCU 37 
Cardiogenic shock 6 
Physical disability 33 
Psychological disability 3 
Distance 30 
Inadequate English 11 
Anucipated non-comphance 12 
Contamination 5 
Other i 5 


CCU, coronary care unit. 


Table 2 Reasons for withdrawal 





Entry Ext Revuw 

ET ET LE 
Reason (n = 22) fs I5) fas 26) d sd (n=8) (n = 20) 
Death 8 6 5 4 1 3 

3 1 2 5 8 

er disability 6 3 3 2 1 3 

Non-compliance 3 4 3 5 1 4 
Distance 2 1 — — — 2 


Intergroup differences were not xp eu (Fisher's exact test). 
ET, exercise training; LE, light exercis 
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bypass graft surgery (undertaken only for 
severe angina not controlled by medication), 
physical disability preventing exercise testing, 
or when patient refusal or distance prevented 
attendance. Patients were encouraged to attend 
as many classes as possible. Non-attendance at 
classes, however, did not constitute with- 
drawal. It was recognised that incomplete 
attendance was likely for many reasons, includ- 
ing early resumption of work. Class atten- 
dances were recorded. 


Results 

During the five year enrolment period, 479 men 
with transmural acute myocardial infarction 
who satisfied the trial admission criteria were 
admitted consecutively to the coronary care 
unit. 

One hundred and forty two patients were 
excluded. The figure shows the distribution of 
patients excluded, randomised, and withdrawn 
from the trial. Table 1 shows that death and 
cardiogenic shock in the coronary care unit 
were important reasons for exclusion (43 
patients) and we noted that excluded patients 
were older; had higher coronary prognostic 
indices; a higher incidence of previous infarc- 
tion; and a greater incidence of clinical cardiac 
failure, radiographic cardiac failure, and 
increased radiographic heart size. 

Three hundred and thirty seven patients 
were randomised, 166 to exercise training and 
171 to light exercise. Twenty nine consecutive 
patients randomised to light exercise were 
allocated to a group that did not have an entry 
exercise test so that any effect of the entry 
exercise test could be separately examined. The 
admission characteristics of these 29 patients, 
who are not included in the current analysis, 
were not different from the 142 who remained in 
the light exercise group. Of the 308 remaining 
patients, 34 were classified as having pulmonary 
oedema in the coronary care unit. 

Fifty (30%) patients in the exercise training 
group and 48 (34%) in the light exercise group 
were withdrawn from the study (table 2). 
Patients who were withdrawn at entry and exit 
were older (mean age) and had higher coronary 
prognostic indices, more clinical and radio- 
graphic evidence of heart failure, and previous 
ischaemia and previous infarction than did 
patients who completed their programmes. No 
events requiring admission to hospital occur- 
red during treadmill tests or classes in either 
group. 

There were 238 men (236 white) who com- 
pleted their exercise programmes by attending 
for an exit treadmill test. One hundred patients 
(42%) held white collar jobs and 138 (58%) had 
blue collar ones. Fifty eight per cent (138) of 
the 238 patients were cigarette smokers up to 
the time of admission to hospital. There were 
no significant differences in these characteristics 
between the exercise groups. Table 3 shows the 
physical entry characteristics of the 238 
patients. These characteristics were well 
matched on all criteria but one: more patients in 
exercise training had anterior infarction 
(p = 0-073). The admission characteristics of 
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Table 3 Admission characteristics of 238 patients who had entry and exit treadmill 


tests 
Variable ' ET (n = 124) | LE(n— 114) 
Age (yr) 52 7 (8-2) 52 0 (8 9) 
Weight (kg) 80-5 (10 5) 79 7 (11 5) 
Height (cm) 174-0 a 174-5 n 
Total cholesterol (mmol/l) 6:1(1:4 6-1(1 3, 
Coronary prognostic index 
Short term (Norris) 5-2(1 % 52(1 3 
Long term (Norris) 2407 35(24 
activity* 
CK (n « 180 IU) 1790 (1067) 1958 uu 
AST (n'« 30 IU) 273 (151) 293 (183) 
Infarct site (n(*9))t 
Anterior/lateral 61 (49 42 (3 
Inferior/posterior 63 ien 72 (63 
Failure (Killip class) (n(%)) 
(1) Lungs clear 74 (60) 75 (66) 
(A Basal creprtations 46 (37) 35 (31) 
3) Upper crepitations 40) 4(3) ' 
Failure (rädiographic) (n(%)) z 
Lungs clear - 86 (71) 72 (63) 
Venous congestion 27 (22) 33 me 
Interstitial o¢dema ' 5 (4) 5 "i 
Pulmonary oedema 4(3) ; 4(4 
Missing 2 
Pulmonary oedema 
Clinical and/or radiographic evidence (n (%)) 9(7) 10 (8) 
Radiographic heart size (n(%)) ' 
Normal ; 86 (71) 78 (68) 
Borderline 31 (25) 28 (25) 
Enlarged’ - 5 (4) 8 
Previous i (n(96)) 28 (23) 22 (19) 
Previous infarction (n(%)) 10 (8) 10 (9) 
Electrical reversion (n(94)) 12 (10) 7 (6) 


Results arc expressed as mean (SD) aid as number of patients (%). 
underwent e 


*Excludes patients who 


lectrical reversion 


{The intergroup diference in infarct e is not staustcally significant (p = 0073). 
exercise traning; LE, light exercise. 


the 210 patients who attended for review exer- 
cise tests at 12 months were not significantly 
different from those of the 238 who had entry 
and exit exercise tests. 

Because exercise training classes were held 
three times a week (compared with twice a week 


'for. light exercise) and more definite “en- 
' couragement was given to the patients to attend 


classes, patients attended exercise training 
more often and over a longer period. Of the 
exercise training patients, 65% attended more 
than three quarters of the total classes possible 


` and 89% attended more than half. Only 41% of 


light exercise patients attended more than three 
quarters of their classes and 75% attended 
more than half (p « 0-001). Over 9094 of 
patients in each group claimed that they com- 
plied with advice to walk each day for at least 
30 minutes. 


Table 4 Medication at time of treadmill tests 


Treatment 


Diuretic 

Digoxin 

B Blocker* 

Calcium antagonist 
Hypotensive 
Glyceryl trinitrate `- 
Nitrate 
Antiarrhythmic 
Psychotropic 
Other 


Results are expressed as number of patients (%). 


*There was a similar and significant 
entry and exit m both groups (24 v 44). 
HMM etry, exit, or review. 


Entry Exit Review 
ET LE ET LE ET LE’ 
(n = 124) (n = 114) (n = 124) (n = 114) (n = 116) (n = 94) 
30 (24) 29 (25) 28 (23) 28 (25) 28 (24) 23 (24) 
5 (4) 5 (4) 3 (2) 5 (4) 3 o 7 
12 (10) 12 (11) 22 (18 22 (19 23 (20 23 (24) 
17 (14) 18 (16) 14 m 22 5 14 12 14 (15) 
6(5) 4(4) 605 . 5(4 7 4 % 
11 (9) 12(11) 7 (6) 10 (9) 10 4(4 
32 5(4 1d 2 (2) 22 1(1 
6 8 5(4 6(5). » 2(2) - 101 
- 10(8 * 10 (9) 11(9 5(4 1301) + 8(8 
30 (23) 18 (16) 30 (23) 26 (23) 30 (26 19 (20) 
< 0 014) increase in total f blocker treatment between 
There were no significant intergroup differences m any 


» exercise traming; LE, light exercise. 
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Atthe time ofeach exercise test there were no 
intergroup differences for any form of medica- 
tion (table 4). At each stage similar proportions 
of patients were taking f adrenoreceptor block- 
ing medication. The only significant change in 
medication between entry and exit tests in both 
groups was an increase in the use of f adreno- 
receptor blocking drugs (24 patients at entry 
test and 44 patients at exit test (p — 0-014)). 

The distributions of treadmill test protocols 
were similar in both study groups (table 5). At 
entry most patients had fixed rate protocols 
with increments of 4% in the incline from 
horizontal every three minutes at a speed of 
3-2 km per hour or 4:8 km per hour. A few 
patients who showed and claimed rapid 
recovery and considerable fitness had their 
entry test at 5:6 km per hour. The Bruce 
protocol was mainly used at exit (8396) and 12 
month review (92%), but some patients who 
were unfit or who had difficulty in handling a 
simultaneous increase of speed and incline had 
a fixed rate protocol test. 

Table 6 sets out the treadmill test results. At 
entry, exit, or 12 month review tests there were 
no significant intergroup differences in mean 
resting heart rate, resting systolic blood pres- 
sure, maximal heart rate, maximal systolic 
blood pressure, or rate pressure product. 
Further, there were no significant differences 
between groups in the reasons for stopping 
treadmill tests, nor were there differences, 
between groups at any test in the distribution of 
the degree of ST segment depression. While 
physical working capacity during the entry test 
was not significantly different between groups, 
at the exit test there was a significant mean 
difference of 0-9 MET between the groups 
(p — 0-002). At the 12 month review, there was 
no significant intergroup difference in physical 
working capacity. 

Between the entry and exit tests the physical 
working capacity (METs (SD)) increased sig- 
nificantly more with exercise training (4-0 (1:9)) 
than with light exercise (3-1 (2-0)) (p « 0-001). 
Between the exit test and review test the 
physical working capacity in the 94 patients in 
light exercise was 0-6 (1-7) METs compared: 
with —0-1 (1:6) MET Ss in the 116 patients in 
exercise training (p — 0:007). 

We performed subset analyses to assess 
whether different distributions of the infarct 
site influenced the observed difference in 
physical working capacity between the exercise 
training group and light exercise group during 
the exit test (table 7). For both sites, the 
physical working capacity for the entry test was 
similar for patients in each programme. The 
exit test performances of both exercise training 
subsets were higher than those of the light 
exercise subsets with similar infarction sites. 
Patients who had pulmonary oedema followed 
the same trends as did those without (table 7). 


' Discussion 
"We compared the physical benefits of two 


programmes of different levels of exercise. The 
study was not designed to answer the question 
whether rehabilitation programmes based 
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Table 5 Treadmill test protocols 








Entry Ext Review 
BT LE ET ET LH 
Protocol (n = 124) (n = 114) (n = 124) (n = 114) (n = 116) (n = 94) 
Fixed E 
km/h (2 0 mph) 65 (53) 61 (53 3(2 2(2 3(3 1 
4-8 km/h (3 EN 56(45 52 Ge 10 ® 14 RA 3 G 6 (o 
5-2 km/h (3 5 mph 3(2) 10) 6 6 10) 3(2) 
Bruce — — 105(85)  92(81) 109 (94)  84(89) 





*Fixed rate protocols with stages of three minutes and a 4% increase in incline at each stage. 
Results are expressed as number of patients (%). 

"There were no significant differences in the distribution of treadmill protocols at any stage 
BT, exercise training; LE, light exercise. 


upon group exercise are more effective than 
usual medical care and an individual 
programme of exercise and walking at home. 

The main finding of the study was that 
though physical working capacity, assessed by 
treadmill performance, increased more in the 
exercise training group than in the light exer- 
cise group, the difference was small and only 
temporary. The difference was not accompan- 
ied by a significant mean intergroup difference 
in rate-pressure product. 

The results of our study are likely to apply 
widely. The Austin Hospital serves both as a 
community hospital and as a major university 
teaching hospital. The pattern of patient 
admissions to the coronary care unit, either 
directly or through the emergency department, 
is similar to that in most major hospitals in 
Australia and elsewhere. Exclusions were only 
for defined physical, psychological, or geo- 
graphical reasons. Death was the commonest 
reason for both exclusion and withdrawal; 
mortality (13% by one year) was similar to 
that reported in other investigations.” 7? The 
number of randomised patients withdrawn at 
each stage was small. Death (9% and coronary 
artery bypass graft surgery (9%) were the main 
reasons for these withdrawals. 

The two exercise protocols tested in this trial 
are representative of the protocols followed 
elsewhere. The exercise training programme 
was based on the recommendations of the 1979 
American Heart Association report,'5 while the 
light exercise programme conformed to com- 
mon exercise based rehabilitation programmes 
offered to cardiac patients in Australian 
hospitals. 

The end point in this study, physical work- 
ing capacity, was determined by performance 
on a treadmill. Nomograms for maximal 


Table6 Treadmill test results (mean ( SD)) 
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oxygen uptake are regarded as appropriate 
measures for both individual and group 
studies," ? though some limitations have been 
suggested.? Maximal oxygen uptake correlates 
well with performance on a treadmill but the 
standard equations tend to overpredict per- 
formance.” Routine direct measurement of 
maximal oxygen uptake in large numbers of 
patients is impractical and the patient's perfor- 
mance on a treadmill (expressed in METs) is 
generally regarded as an appropriate measure 
of physical working capacity. Maximal oxygen 
uptake and performance on the treadmill were 
similar for fixed rate and Bruce exercise 
protocols.? ? 

Groups were well matched except for the site 
of infarction. This, however, did not distort the 
overall results of the trial. The other possible 
source of bias, the withdrawal of patients for 
coronary bypass surgery, did not significantly 
affect the results either. 

In the exercise training group, the mean 
increment in physical working capacity 
achieved after eight weeks was similar to the 
outcome of gymnasium training in the study of 
DeBusk et al, and this result was consistent 
with the similarities between our exercise 
training and their gymnasium training pro- 
grammes.’ The increment in mean physical 
working capacity after eight weeks in our light 
exercise group was greater than the spontan- 
eous improvement during a similar period.??* 
It was similar to the improvement reported by 
DeBusk er al by a home exercise training 
programme? but greater than that achieved by 
both home and group training in their sub- 
sequent study. Though our light exercise 
programme was designed to reassure patients 
about the safety of activity during convales- 
cence rather than to achieve a training effect, 
and though most of the patients in this group 
attended fewer classes than those in the exer- 
cise training group, the programme of light 
exercise contributed to an increase in physical 
working capacity. Compliance with advice and 
encouragement to walk and exercise daily, with 
twice weekly group support in this aim, was 
likely to have led to progressive training of 
those muscle groups used during the tests on 
the treadmill. 

In a smaller study, Blumenthal et al found 
no significant increase in maximal oxygen 
consumption during treadmill testing between 
groups enrolled in exercise training pro- 
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Entry Exit Review 

BT LB ET LE ET LE 
Variable (n = 124) {n = 114) (n = 124) (n = 114) {n = 116) (n = 94) 
HR 83-9 (14-2) 84 3 (13 8) 81 0(14 7) 82:3 (13 5) 781 az 4) 77 1 (15 0) 
SBP (mm Hg) 1165(180) 1177152) 1212161) 121-1(180) 130 4(18 126-9 (18-3) 
HR max 1477(195) 145 8 (21-4) 156 6 (20 6) 153 3 (20 157-6 (22 1 154 9 (22 9 
SBP max (mm Hg) 1533(251) 1515(28 8) 1617(270) 1597(278 1675 a 6 167 3 (26 
RPP x 107? 2235 EA 5) 2200(575) 2504(579)  2428(588 2630(61-6) 255 2 (58 8) 
PWC (MET!) 68(22) 6-7 (2-5) 108(23)* 99 (2 4) 10 8 (2 4) 10 7 (1-9) 


a ne emmmmnmean 
*PWC at exit test 18 the only significant intergroup difference p = 0 002). 

ET, exercise training, LE, light exercise 

HR, resting heart rate standing (beats per minute); HR max, maximal heart rate during test (beats per minute), PWC, physical 
working capacity, RPP, rate-pressure product, SBP, resting systolic blood pressure standing, SBP max, maximal systolic lood 
pressure during test. 


Table 7 Physical working capacity (METs ( SD)) at 
entry and exit tests according to infarct site and 





pulmonary oedema at admission 
Infarct size ET LE P 
Anterior (n = 61) (n = 42) 
Entry 6-4 (2-1) 64(2 6) NS 
Ext 10-8 (2-3) 9-5(24) 0008 
Increment 44(20) 31(20) 0 003 
Inferior (n = 63) (n = 72) 
Entry 71 d 69(24) NS 
Exit 10-8 (2-4 100(2 2 007 
Increment 3-7 (1-6) 31(19 0:06 
Pulmonary oedema (n = 9) (n = 10) 
Entry 5-7 (2:2 5003 NS 
Exit 99 23 83 d 2 NS 
Increment 42(1-4 34(19 NS 
ET, exercise traimng; LE, light exercisc. 


grammes of high or low intensity." Their 
patients were also active, walking daily, as well 
as attending their exercise sessions. 

Our study shows that, in the first weeks after 
myocardial infarction, there is a significant 
slowing of resting heart rate and a rise in 
systolic blood pressure towards preinfarction 
values. The achievable maximal heart rate and 
maximal systolic blood pressure also increase. 
In consequence,  rate-pressure product 
increases significantly during the initial weeks 
after myocardial infarction. This increase was 
no larger in the exercise training group than in 
the light exercise group. 

It seems that differences in maximal oxygen 
uptake caused by aerobic exercise training arise 
largely from an effect on peripheral muscle 
groups used for walking, rather than from a 
central cardiopulmonary : effect. This con- 
clusion is supported by other studies.” 
Indeed, it would be unreasonable to expect a 
central cardiac or respiratory training effect 
from an eight week programme of three ses- 
sions per week in middle aged or elderly 
individuals. 

Mobilisation and resumption of normal 
activities after a period of bed rest are known to 
be associated with rapid recovery of functional 
capacity." We showed that a low cost, low 
intensity group exercise programme was 
almost as effective in the short term and was as 
effective at one year as aerobic exercise training 
for the rehabilitation of patients after acute 
myocardial infarction. 


We thank the National Heart Foundation of Australia for 
support. 
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Abstract 

The correlation between P pulmonale 
and right atrial overload in chronic lung 
disease was studied. Right atrial pres- 
sure, pulmonary artery pressure, and 
cardiac output were measured with a 
Swan-Ganz catheter in nine patients 
with chronic lung disease and P pul- 
monale on the electrocardiogram (P 
wave amplitude of > 2:5 mm (0:25 mV) 
in leads II, IIT, and aVF. The results were 
compared with those in six patients with 
an atrial septal defect (left to right shunt 
> 50%) and six patients with pulmonary 
hypertension (mean pressure > 30 mm 
Hg without left sided heart disease). 
Right atrial volume and wall thickness 
were measured in 10 cases of P pul- 
monale among 1000 necropsy cases and 
compared with 141 normal hearts from 
the same series. 

The patients with P pulmonale did not 
show a significant increase in right atrial 
or pulmonary artery pressures. None of 
the patients with an atrial septal defect 
or pulmonary hypertension had P pul- 
monale on the electrocardiogram. In the 
necropsy cases of P pulmonale mean (1 
SD) in right atrial volume (32 (12) ml) 
and wall thickness (1:5 (07) mm) were 
not significantly increased (40 (14) ml and 
1-4 (05) mm in the normal hearts). 
There was a significant inverse relation 
between the presence of P pulmonale 
and the cardiothoracic ratio. In all the 
patients with P pulmonale chest x ray 
showed a low cardiothoracic ratio, a con- 
siderably depressed diaphragm, and a 
pendulous heart. 

This study showed no correlation 
between P pulmonale and right atrial 
overload in chronic lung disease. À more 
vertical anatomical position of the heart, 
particularly of the right atrium, seems 
to be the major factor responsible for 
generation of P pulmonale in chronic 
airways disease. 


`+. Peaked, tall, and narrow P waves in leads II, 


III, and aVF in lung disease are called P 
pulmonale. Though many factors such as 
verticalisation of the heart? increased 
residual volume,’ and impaired lung func- 
tionf? have been reported to be correlated 
with these changes in the P wave, right atrial 


overload (right atrial enlargement or increased 
right atrial pressure or both) is still thought 
to be responsible for P pulmonale in lung 
disease, especially in cor pulmonale.* 

Because the relation between haemo- 
dynamic function and P wave variables has 
been little studied we investigated haemo- 
dynamic function in patients with chronic 
obstructive airways disease and the presence 
of P pulmonale (> 2:5 mm in leads II, III, 
and aVF). We compared this with P wave 
configuration in patients with atrial septal 
defect and pulmonary hypertension, condi- 
tions that increase right atrial volume and 
pressure respectively, and we studied the 
correlation between the amplitude of the P 
waves and the right atrial overload. 


Patients and methods 

PATIENTS 

We studied nine patients with chronic lung 
disease and P pulmonale between May 1987 
and August 1989 at Tokyo Metropolitan 
Geriatric Hospital. P pulmonale was defined by 
the following criteria: the amplitude of 
the P waves in all of leads II, III, and aVF was 
> 2:5 mm and the duration of the P wave was 
x 0-10 s. As control groups we also studied six 
patients with atrial septal defect (left to right 
shunt > 50%) and six with pulmonary hyper- 
tension (mean pressure > 30 mm Hg) that was 
not secondary to left sided heart disease. These 
conditions increase right atrial volume and 
pressure respectively. Haemodynamic func- 
tion was assessed in these two groups at the 
same hospital between June 1982 and June 
1987. Patients with atrial fibrillation were 
excluded. To evaluate the relation between P 
pulmonale and right atrial overload we studied 
10 patients who met the criteria for P pul- 
monale (amplitude > 0-25 mV in each of lead 
II, III, and aVF) and 141 patients without any 
significant clinical findings or cardiac abnor- 
malities at necropsy. These cases came from a 
consecutive series of 1000 necropsies. 


METHODS 

In every patient we measured the right atrial 
and pulmonary artery pressure and cardiac 
output with a Swan-Ganz catheter and the 
amplitude and axis of the P waves in the frontal 
plane to evaluate P wave changes caused by 
right atrial volume load or pressure load or 
both. We examined chest radiographs to 
correlate the cardiothoracic ratio and the shape 
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of the heart with the P wave variables. In each 
group we studied the correlation between the 
amplitude and axis of the P waves in the frontal 
plane and indices of haemodynamic function 
and the cardiothoracic ratio. In the necropsy 
cases we measured the thickness of the right 
atrial and ventricular walls and the volume of 
the right atrium. We used slide calipers to 
measure the thickness of the right atrial wall at 
the site of the pectinate muscle and the compact 
zone of the right ventricular wall 1 cm below 
the pulmonary valve. We calculated the right 
atrial volume by the following formula, assum- 
ing that the right atrium was spherical, as 
previously Reported: : 


Ty 3 
RA volume = — 3 Tmt ? 


2n 


when $RAÀ is the length of the circle of longi- 
tude above the tricuspid valve; x is Pi; and T is 
the circumference of the tricuspid valve ring. 
We used the : test to analyse data. A p value of 
< 0-05 was regarded as significant. 


Results 

P PULMONALE (TABLE 1) 

Two patients had chronic obstructive airways 
disease and seven had old pulmonary tuber- 
culosis. The mean (1 SD) amplitude and axis of 
the P waves in the frontal plane were 2-79 (0-25) 
mm (range 2:50-3:20 mm) and 4-81 (6) (range 
--70 to 4-90") respectively. The mean right 
atrial pressure was normal (2 (2) mm Hg). In 
the pulmonary artery the systolic pressure was 
30 (5) mm Hg and the mean pressure was 17 (4) 
mm Hg. None of the patients had significant 
pulmonary hypertension. The cardiac index 
was normal in all but one patient. Chest 
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radiographs showed a low cardiothoracic ratio 
(46 (7) %) (range 35-55%) in all and even the 
seven patients with old tuberculosis showed 
compensatory hyperinflation as well as the 
constricting changes of the lung caused by 
tuberculosis. Às a result, there was consider- 
able depression of the diaphragm in all. Lung 
function tests were as follows: vital capacity: 
51 (12) % (range 30-63%), forced expiratory 
volume in 1s 75 (15) % (range 51-93%), and 
oxygen, 71 (18) mm Hg (range from 40-93 
mm Hg) and carbon dioxide 45 (8) mm Hg 
(range 32-56 mm Hg) tension in arterial blood. 


ATRIAL SEPTAL DEFECT (TABLE 2) 

The chest radiographs and echocardiograms 
showed considerable dilatation of both the 
right atrium and ventricle. Mean pulmonary 
arterial pressure was 26 (9) mm Hg and mean 
right atrial pressure 4 (3) mm Hg. The mean 
amplitude of the P waves in leads II, III, and 
aVF was 0-96 (0-54) mm (range 0:10—1:70 mm) 
and no patient had P pulmonale. The axis of the 
P waves in the frontal plane was --65 (26) 
(range +15° to -- 90^). In this group the chest 
radiographs showed considerable cardio- 
megaly (cardiothoracic ratio 68 (3) 94). 


PULMONARY HYPERTENSION (TABLE 3) 

Mean pulmonary arterial and right atrial pres- 
sure were significantly higher (53 (25) mm Hg 
and 8 (5) mm Hg respectively) than in patients 
with P pulmonale. None the less, the mean 
amplitude of the P waves in leads II, III, and 
aVF was 0-93 (0-42) mm, and even the maximal 
amplitude was only 2-0 mm. No patients in this 
group had P pulmonale. The axis of the P wave 
in the frontal plane was + 59 (21)°. The cardiac 
index was low in four patients and normal in 


Table 1 Clinical characteristics of the patients with P pulmonale 


Am of P waves m 
Il, H1, aVF {mm} 





Haemodynamic function 
Age Underlying P CTR 
Case (yr) ° Sex disease Average Maximum Mimmum axis PAP (m) mRAP CI (96) 
1 TI M' COAD 293 30 28 490 22/6 aD 0 226 42 
2 72 M COAD 2 66 28 25 +80 26/8 (14) 6 3 28 51 
3 72 M Old TB 250 25 25 +85 28/8 Sie 0 207 37 
4 69 F Old TH 260 28 25 +85  28/10(16) 2 381 53 
5 72 M Old TB 270 28 25 +85 32/12 (19) 1 280 52 
6 81 F Old TB 3-00 »5 . 2:5 +75 38/14 m 1 3-30 48 
7 59 M Old TB 3-20 37 2-6 +70 38/18(24) 5 341 41 
8 59 F Old TB 2-53 28 25 +75 28/8 ü l 2:27 55 
9 69 M Old TB 3-00 32: 28 +80  34/12(19) 3 2:30 35 
CI, cardiac index Mns COAD, chronic obstructive airways disease; CTR, cardiothoracic ratio; MRAP, mean right atrial 
pressure (mm ; TB, pulmonary tuberculosis; PAP (m), pulmonary artery pressure (mean) (mm Hg) 
UIM > pte 
Es i CDI 
Table 2. Climcal characteristics of patients with an atrial septal defect ZR ae a 
tig Nr vL 
E " ve 
a tiie? P waves in . vL i 
II, II, aVF (m) Haemodynamic func EV A 
Age et See ae ee AVIV M 
Case (yr) Sex Average Maximum Minimum P axis PAP (m) mRAP Vip CTR (94) 
1 71 F 067 10 03 475 46/18 (27) 4 Co E» 
2 56 F 0-97 11 0-7 +90 42/18 ie 2 74. M7 a 
3 62 F 103 13 05 +60 29/7 (14) 0 50 71 
4 7i F 010 01 01 +15 67/23 f 5 68 72 
5 70 F 127 15 10 +75 35/10 (18) 4 60 66 
6 . 78 M 1-70 r9: 14 +75 40/15 (33) 8 71 69 


L—R, left to right. See footnote to table 1 for other abbreviations. 
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Table 3 Clinical characteristics of patients with pulmonary hypertension 








Amplitude of P waves m 
I, III, aVF (mm) Haemodynamic function 
Age Underlying P CTR 
Case {yr} Sex disease Average Maximum Mirman axis PAP (m) mRAP CI (5$) 
1 79 F PTE 073 08 06 475  88/20(43 6 1-48 67 
2 87 M | COAD 143 15 13 490  54/2A(34) 3 240 435 
3 7T F PTE 067 09 ' 03 +60 52/31 (38) 15 2-20 71 
4 52 M PTE 0-60 10 03 +30 148/67 (94) 14 1-50 58 
5 73 M PTE 1-50 2-0 08 455 110/55 n 4 2-72 53 
6 81 F PTE 063 10 0-4 +45 70/15 (3: 5 1-86 59 
PTE, pulmonary thromboembolism. See footnote to table 1 for other abbreviations. 
Table 4 Cknical characteristics and findings at necropsy in 10 patients with P pulmonale 
Mean amphtude of Right atrium Right ventricle 
Age Underlying P waves (II, IIL aVF) — ————————————— 
Case (yr) Sex — duease (mm) Volume (ml) Thickness Thickness (mm) CTR (9$) 
1 82 M COAD 2-83 36 l1 25 44 
2 79 F COAD 2-80 15 1-0 22 52 
3 88 M COAD 3-17 36 30 30 45 
4 65 M COAD 257 23 12 40 39 
5 78 F COAD 250 43 23 58 46 
6 73 M COAD 2-67 22 12 40 36 
7 71 M COAD 3-33 33 10 25 43 
8 84 M Old TB 2-93 43 10 40 46 
9 74 M Old TB 277 51 16 18 49 
10 85 F None 287 21 12 3-0 4 
Mean 1 SD 2:84 (0 25) 32 a2 1-5 (0) 3:3 (1:2) 44 (5)* 
Necropsy cases with normal heart (n—141) 40 (14) 1-4 (0-5) 3-8 (1:2) 53 (7)* 
*P < 001. See footnote to table 1 for abbreviations. 
Table 5 Clinical (mean (1 SD)) characteristics of each group 
P ASD j res " p Value 
Y 1 (group 2 group 
(59) ; (n6) (n6) 192 193 2v3 
Age (yr) 70-0 (7-3) 68-0 (7-8) 74-8 (12-1) NS NS NS 
Sex (F]M) 3/6 5/1 3/3 
P waves 
Mean amplitude* 2-79 (0-25) 0-96 (0-54) 0-93 (0 42) 0-01 001 NS 
Axis C) +81 (6) +65 (26) +59 (21) NS 0-05 NS 
Pressure data (mm Hg) 
mPAP 17 e 26 (9) 53 (25) NS 005 0-05 
mRAP 2(2 4(3) 8 (5) NS 005 NS 
CI (I/min/m?) 283(0 63) 2-03 (0 50) 005 
CTR (%) 46 (7) 68 (3) 59 (10) 0-01 0-05 NS 





*Mean litude in leads II, III, and aVF (mm). 
ASD, septal defect; PH, pulmonary 


two. The chest radiographs showed moderate 
cardiomegaly (cardiothoracic ratio 59 (10)%). 


NECROPSY FINDINGS IN 10 PATIENTS WITH P 
PULMONALE (TABLE 4) 
The average amplitude of the P waves in leads 
II, III, and aVF was 2-84 (0-25) mm in patients 
with P pulmonale and 0-63 (0-41) mm in 141 
patients with normal hearts (p « 0:01). Right 
atrial volume and wall thickness were similar in 
patients with P pulmonale and in controls (32 
(12) ml v 44 (5) ml; 1:5 (0-7) mm v 1-4 (0-5) mm 
respectively) as was the thickness of the right 
ventricle (3-3 (1-2) v 3:8 (1-2) mm). The chest 
radiographs of all patients with P pulmonale 
showed that the cardiothoracic ratio (44 (5) 96) 
was significantly smaller than in the controls (53 
(7) 9e, p < 0-01) and that the heart was 
pendulous. 

Table 5 shows the data for each of the 
groups. 


Discussion 

Peaked, tall, and narrow P waves in leads II, 
III, and aVF are accepted criteria for P pul- 
monale, but these features have no quantitative 


hypertension, Sec footnote to table 1 for other abbreviations. 


definition. Controversy about theimplication of 
P pulmonale may derive from its ambiguous 
definition. We selected patients with chronic 
airways disease who had very tall P waves (7 
2:5 mm) in each of leads II, III, and aVF. In 
this group with P pulmonale, none of the 


Cardiothoracic ratio (96) 
b 





Average amplitude of the P waves in leads 11,11], and aVF (mm) 


Figure 1 Relation between the mean amplitude of the P 
waves in leads II, III, and aVF and the cardiothoracic 
ratio. 
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Figure 2. Chest 
radiographs in patients 
with P pulmonale. 
Posteroanterior views (A) 
and lateral views ( B) 
showing straightened right 
and posterior cardiac 
borders respectively. There 
was no significant 
enlargement of the right 
atrium. Both views also 
show appreciable 
depression of the 
diaphragm. 


Figure 3 Relation 
between the right atrium 
and the diaphragm 
showing the direction of 
the P vector in the frontal 
plane and the amplitude of 
the P waves reflected to the 
leads in the frontal plane 
(1, I1, IH, aVF) when 
the P vector showed 
maximum intensity. (A) 
Normal relation. ( B) 
When the diaphragm is 
depressed. SVC, superior 
vena cava; IVC, inferior 
vena cava; SN, sinus 
node; HV, hepatic vein; 
TV, tricuspid valve; —, 
heart muscle depolarised; 
+, heart muscle at resting 
membrane potential. 





patients showed significant increase in the right 
atrial or pulmonary artery pressure, and in 
eight of the nine patients cardiac output was 
normal. In contrast, none of the patients with 
atrial septal defects (which load the right 
atrium and right ventricle with increased 
volume) or with pulmonary hypertension 
(which loads the right atrium and ventricle 
with increased pressure) had P pulmonale. At 
necropsy 10 patients with P pulmonale showed 
no evidence of right atrial overload compared 
with the normal hearts; though in two patients 
there was hypertrophy of the pectinate muscle 
of the right atrium. Caird and Wilcken also 
found little correlation between P pulmonale 
and anatomical abnormality of the right 
atrium.’ Saha reported that right atrial en- 
largement or increased right atrial pressure on 
both are important factors for the change of the 
P waves in cor pulmonale, in addition to the 








combination of tachycardia, increased residual 
volume, and increased intrathoraci 


pressure 
There were no patients with P pulmonal 
our group of patients with pulmonary hyper 
tension—the disease most likely to cause cor 
pulmonale. None of the patients with atrial 
septal defect showed P pulmonale, despite th« 
right atrial enlargement caused by volume 


overload. So we found no correlation between 
P pulmonale and right atrial enlargement or 
increased right atrial pressure 
Spodick et al found that the shift o 
to the right as well as increased P 
amplitude was associated with appreciable 
impaired lung function.* All our patients 


the P axis 


wave 


with P 


pulmonale also showed impaired lung funo 
tion. Almost all of them, however, showed 
normal haemodynamic function. Our data 
showed that impaired lung function did not 
always correlate with right atrial overload, and 
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right atrial overload did not correlate with P 
pulmonale, either. 

P pulmonale correlated negatively with the 
cardiothoracic ratio (r= —0-81, p < 0-01) (fig 
1). The cardiothoracic ratio in the group with P 
pulmonale was significantly lower than in the 
groups with atrial septal defect or pulmonary 
hypertension and chest radiographs showed 
considerable depression of the diaphragm 
caused by primary or compensatory hyper- 
inflation of the lungs. The chest radiographs 
showed that the right cardiac border was 
straightened and deviated to the left side in the 
posteroanterior view. This finding indicated the 
absence of significant enlargement of the right 
atrium compared with those of patients with 
atrial septal defect, who showed considerable 
cardiomegaly caused by the enlargement of 
both the right atrium and ventricle. Lateral 
views also showed a straightened posterior 
cardiac border (fig 2). 

'The position of the heart is determined by its 
attachment to the mediastinum by the great 
vessels of the ascending aorta, pulmonary 
artery and vein, and superior vena cava in the 
upper portion and by the pericardium in the 
posterior portion. The lower part of the heart, 
however, is fixed by only the inferior vena cava. 
Because the diaphragm was depressed the 
inferior vena cava was displaced inferiorly and 
the right atrium was stretched between the 
superior and inferior venae cavae and was 
extended vertically (fig 3). In the atrium an 
impulse formed in the sinus node spreads 
radically along the wall unlike in the ventricle 
where it is conducted from the endocardium 
toward the epicardium. The direction of the 
maximum P wave vector in sinus rhythm is 
then usually down towards the left and 
anteriorly or posteriorly. Because the right 
atrium was stretched and extended between the 
superior and inferior venae cavae, the direction 
of the P wave vector shifted rightward by 
almost 90° (fig 3). All our patients with P 
pulmonale showed rightward shift of the P 
wave axis. Juan et al also reported that 56% of 
patients (96/171) with chronic obstructive air- 
ways disease had a shift of > +70° in the P 
wave axis, but only one patient had a shift of 
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> +90°.* When the maximum P vector shifts to 
the right by up to 90°, the components of the 
P vector reflected in leads II, III, and aVF 
increase in amplitude. This seemed to be the 
main mechanism responsible for increased 
amplitude of the P waves in leads II, HI, and 
aVF in chronic obstructive airways disease. 
Saha reported that the P axis moved toward the 
right during the Valsalva manoeuvre, and that 
the amplitude of the P waves in leads II and III 
was considerably increased both during the 
Valsalva manoeuvre and deep inspiration.“ 
Saha's report also suggested that verticalisation 
of the heart was an important factor in the 
changing of the amplitude and axis of P waves. 

In conclusion, there seemed to be little 
correlation between P pulmonale and right 
atrial overload. The chest radiographs of the 
patients with P pulmonale showed a low 
cardiothoracic ratio, considerable depression 
of the diaphragm, and straightened right and 
posterior cardiac borders. Verticalisation of the 
heart, especially vertical extension of the right 
atrium, seemed to be a more likely and a more 
important factor for P pulmonale in chronic 
obstructive airways disease than the haemo- 
dynamic effect of impaired lung function on the 
right atrium. 
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Influence of angiotensin converting enzyme 
inhibition on pump function and cardiac 
contractility in patients with chronic congestive 
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Abstract 

Eleven patients with coronary artery 
disease and chronic heart failure were 
studied before and three months after 
the angiotensin converting enzyme 
inhibitor enalapril was added to their 
frusemide medication. The following 
were measured: left ventricular pressure 
and volume with transient occlusion of 
the inferior vena cava, radionuclide 
angiography, and hormone concentra- 
tions in plasma. As in other reported 
studies, the clinical condition of the 
patients improved and their exercise 
tolerance increased moderately. Addi- 
tion of enalapril reduced end diastolic 
and systolic pressure, reduced ven- 
tricular volume, and concomitantly 
increased the ejection fraction. The end 
systolic pressure-volume relation shifted 
to the left as it did in a similar animal 
study. In the animal study unloading by 
& vasodilator did not induce a leftward 
shift, so it can be inferred that in the 
present study unloading combined with 
& decrease in the angiotensin concentra- 
tion was instrumental in remodelling the 
heart. Though unloading was expected to 
have a beneficial effect on the oxygen sup- 
ply/demand ratio of the heart, the 
patients still showed the same drop in 
the ejection fraction during exercise as 
they did before treatment with enalapril, 
and early diastolic filling did not 
improve. Normally, regression of car- 
diac dilatation is only found if pump 
function improves; the present study 
showed that unloading in combination 
with angiotensin converting enzyme 
inhibition reshapes the ventricle without 
improving intrinsic pump function. 


The addition of an angiotensin converting 
enzyme inhibitor such as enalapril to the con- 
ventional treatment of rest, salt restriction, 
and a diuretic has become an established 
approach in the treatment of patients with 
severe congestive cardiac failure. Angiotensin 
converting enzyme inhibition produces 
arterial and venous vasodilatation and 
improves cardiac pump function by unloading 
the left ventricle. As a result the clinical con- 
dition improves and the exercise tolerance’? 
and life expectancy of the patients increases.‘ 
After myocardial infarction the ventricle 


dilates mainly as a result of slippage of 
bundles of myocardial cells.* Unloading of the 
heart by angiotensin converting enzyme 
inhibition reduces ventricular volume,!*’ 
mainly by lowering the filling pressure, but 
perhaps also by remodelling, because exten- 
sive postinfarct dilatation seems to be rever- 
sible. Moreover, it is clear that the observed 
improvement in exercise tolerance is due not 
only to better pump function but also to a 
more efficient distribution of the peripheral 
circulation. It is a matter of debate whether 
the pump function improves only because of 
the unloading and remodelling or because 
there is also some improvement in the intrin- 
sic function of the cardiac muscle. 

Intracoronary injection of angiotensin con- 
verting enzyme inhibitors blocked the direct 
inotropic action of angiotensin II," but the 
long term effect may be to enhance muscle 
function by improving metabolism and allow- 
ing hypoxic muscle cells to recover their con- 
tractility. 

We studied 11 patients with chronic con- 
gestive heart failure with dyspnoea class I- 
IV (New York Heart Association) before and 
after three months of treatment with enalapril 
added to a regimen of diuretics, salt restric- 
tion and, in some, digitalis or antiarrhythmic 
agents. Haemodynamic function was exten- 
sively measured. We used on line pressure- 
volume studies with transient occlusion of the 
inferior vena cava and radionuclide angio- 
graphy at rest and during exercise to identify 
the effects of unloading, of remodelling, and of 


a possible improvement of myocardial 
function. 

Patients and methods 

PATIENTS 


Eleven men (aged 48-66 (mean 59)) with 
chronic congestive heart failure caused by 
coronary artery disease and myocardial infarc- 
tion completed the study within a period of 18 
months. The patients gave their informed 
consent and the protocol of the study was 
approved by the hospital ethics committee. 
Eighteen patients entered the study but seven 
did not complete it. Three died suddenly 
during follow up, one underwent a coronary 
bypass operation, and three stopped the treat- 
ment with enalapril because of side effects. 
Inclusion criteria were cardiac failure class 
II-IV (New York Heart Association) and a left 
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ventricular ejection fraction <45% at rest, as 
measured by radionuclide angiography. Stable 
exercise dependent angina was not a reason for 
exclusion and patients with mild mitral regur- 
gitation secondary to ventricular dilatation or 
papillary muscle dysfunction were also not 
excluded. Exclusion criteria were severe hyper- 
tension, myocardial infarction less than four 
months before, albuminuria, serum creatinine 
concentrations >150 pmol/l, and valvar or 
congenital heart disease. 


STUDY PROTOCOL 

Patients were admitted to the cardiology ward 
once before treatment and again after three 
months of treatment. During each admission 
an exercise test was performed with radio- 
nuclide imaging of the left ventricle, followed 
after one or two days by a right and left 
heart catheterisation with pressure-volume 
measurements and balloon occlusion of the 
inferior vena cava to determine the pressure- 
volume relations of the left ventricle. Blood 
samples were taken with appropriate precau- 
tions to measure plasma renin and angiotensin 
converting enzyme activity and concentrations 
of angiotensin II and atrial natriuretic peptide 
in the resting state. All prior medication was 
continued throughout the study and treatment 
with enalapril was started (< 20 mg/day). The 
first dose was given after the haemodynamic 
tests were completed and the effects were 
carefully monitored. After three months all 
variables were measured again. 


BIOCHEMICAL MEASUREMENTS 

To exclude the effect of physical activity blood 
samples were taken at 6.00 am before the 
patients rose. Blood samples for the 
measurement of angiotensin IJ and angiotensin 
converting enzyme activity were collected 
separately and a combination of EDTA and 
phenanthroline or of heparin and aprotinin was 
added, respectively. The samples were kept on 
ice, centrifuged in a precooled centrifuge, and 
stored at —70°C. Angiotensin converting 
enzyme activity was measured spectro- 
photometrically with a test kit (Paesel, Frank- 
furt, Germany) that had 15 U/l as its lower 
limit of reference range. Plasma renin activity 
was measured by radioimmunoassay of the 
angiotensin I generated from the a, precursor 
under standard conditions (Baxter, Cam- 
bridge, Massachusetts, USA). Enalapril was 
tested for possible interference in the assay and 
concentrations of the drug up to 50 ug/ml did 
not show such effect. The reference range for 
angiotensin II in normotensive individuals is 
0-25 pmol/l plasma (median 18 pmol/l). Nor- 
mal values of plasma renin activity in ambulant 
individuals (with unrestricted salt intake) are 
1-67 (0-83) ug/l per hour. After extraction on 
Seppac C18 column (Waters, Bedford, Massa- 
chusetts, USA) angiotensin II was measured 
by a radioimmunoassay with antibodies gen- 
erated in rabbits. Atrial natriuretic peptide was 
measured by a radioimmunoassay (Immuno 
Nuclear, Amsterdam, The Netherlands). The 
upper limit of the reference range was 68 pg/ml 
in plasma. 


EXERCISE TESTS 

The exercise test was performed in combina- 
tion with radionuclide imaging on a normal 
upright bicycle ergometer. The workload was 
increased stepwise from 10 W by 10 W every 
minute until exhaustion. A Toshiba 40A 
gamma camera was used to make two radio- 
nuclide scintigrams, the former in the 10 
minutes immediately before exercise and the 
latter during the last three minutes of exercise. 
Red blood cells were labelled in vivo by inject- 
ing 750 MBq (20 mCi) technetium-99m. Gated 
radionuclide angiograms were made in the 40° 
left anterior oblique position with a 30° 
caudocranial tilt to obtain optimal separation of 
the right and left ventricles. The volume of the 
left ventricle was calculated from the number of 
ventricular counts and the activity of a blood 
sample measured simultaneously. Data were 
collected in a matrix of 64 x 64 pixels. 


HAEMODYNAMIC MEASUREMENTS 

A7F thermodilution Swan-Ganz flow directed 
catheter was introduced into a femoral vein and 
its tip was floated into a branch of a pulmonary 
artery. It was used to measure pressures and 
cardiac output (by thermodilution and the Fick 
method). An 8 F Cordis pigtail catheter with a 
tip manometer was introduced percutaneously 
into the femoral artery and advanced into the 
left ventricle. It was used for left ventricular 
angiography and simultaneous pressure 
measurements. Left ventricular angiograms 
were filmed in two directions—the 30° right 
anterior oblique and the 60° left anterior 
oblique positions. Later the angiograms were 
digitised and left ventricular end diastolic and 
end systolic volumes were estimated by a 
Philips Analytical Processing Unit system. 

The time constant for the exponential decay 
of pressure (t) was calculated according to the 
method described by Weiss ez al." Sub- 
sequently a second 8 F custom made pigtail 
catheter, with ten electrodes (Webster Labs, 
Baldwin Park, California, USA)" was 
introduced into the left ventricle to measure 
volume. Its tip was carefully positioned in the 
apex and a 0-03 mA root mean square 20 kHz 
alternating current was passed between the 
most apical electrode and the one close to the 
aortic valve. Left ventricular volume was cal- 
culated on line from the voltages between 
adjacent pairs of electrodes between the 
current electrodes? '* by an analogue signal 
conditioner processor (Sigma-5, Leycom, Oes- 
tgeest, 'The Netherlands). Combined with the 
pressure signal from the tip manometer pres- 
sure-volume loops were displayed contin- 
uously on an X-Y oscilloscope. 

To obtain pressure-volume loops under 
changing loading conditions a balloon catheter 
(Meditech, Watertown, Massachusetts, USA) 
was introduced percutaneously into the 
femoral vein and the balloon was positioned in. 
the inferior vena cava. When the balloon was 
inflated with carbon dioxide the venous return 
to the heart was reduced sufficiently to allow the 
end systolic pressure-volume relation!*"" and 
the relation between dP/dt,,, and end diastolic 
volume" to be determined. 
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Absolute values of end diastolic and end 
systolic volumes measured by conductance 
catheter were calibrated afterwards against the 
radionuclide data in eight patients, or, if these 
data were not available, the volumes were 
estimated from the ventriculograms. 

We used Student's paired t test to compare 
data obtained before and after treatment. 


Results 
CLINICAL RESPONSE TO TREATMENT 
Before treatment two patients were in heart 
failure class II, eight in class III, and one in 
class IV. On average they had been in heart 
failure for 20 months (range 1-96 months). 
Two patients had moderate angina and two had 
severe angina. Five patients were treated with 
digoxin, 10 with frusemide, and three with long 
acting nitrates. In addition, one patient took 
flecainide and another amiodarone. All patients 
were given anticoagulant treatment with 
coumadin. The cardiac medication was contin- 
ued without change throughout the study. 
Seven patients tolerated a dosage of 20 mg 
enalapril a day and four were given a daily dose 
of 10 mg. Eight patients improved clinically 
but in three the clinical condition remained 
unchanged. Two of the four patients with 
angina reported a reduction in episodes of pain. 


BIOCHEMICAL RESPONSES 

Treatment reduced converting enzyme activity 
in the plasma from an average of 14-06 UJI to 
2:45 U/l (p < 0:0001). Plasma renin activity 
before treatment was high (mean 6:33 ug/l per 
hour) and it increased to 24-8 ug/l per hour 
after treatment (p « 0-005). Plasma concentra- 
tions of angiotensin II were raised before 
treatment (30-0 pmol/l) and dropped to 10-1 
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pmol/l after treatment (p < 0-05). Initially the 
plasma concentration of atrial natriuretic factor 
was considerably raised (189 pg/ml). After 
three months of treatment it had dropped to 
103 pg/ml (p « 0-05). Baseline aldosterone 
concentration was also raised (0-8 pmol/l) 
before treatment and it fell (but not signific- 
antly) to 0-4 umol/l during treatment. 


HAEMODYNAMIC RESPONSES TO ENALAPRIL 
Table 1 shows the haemodynamic data. Right 
atrial pressure, mean pulmonary artery pres- 
sure, pulmonary capillary pressure, and left 
ventricular end diastolic pressure all declined 
after treatment. Mean aortic pressure also fell. 
Cardiac index remained practically unchanged. 
Systemic vascular resistance fell significantly, 
while the pulmonary vascular resistance also 
declined but not significantly. 

Table 2 shows the volume data obtained by 
radionuclide angiography. The end diastolic 
and end systolic volume indices of the left 
ventricle fell significantly. In nine patients in 
whom pressure-volume loops could be re- 
corded both before and after treatment, the 
diastolic pressure-volume relation shifted to 
the left (fig 1). The ejection fraction at rest 
increased slightly from 0-24 (0:09) to 0-30 
(0:11) (p « 0-05). 


REMODELLING OF THE VENTRICLE 

Pressure-volume loops could be recorded in 
nine patients. In two (patients 2 and 5) it was 
not possible to position the conductance cath- 
eter in the correct position. Figure 1 shows the 
shift of the two families of pressure-volume 
loops, obtained by obstructing the inferior vena 
cava before and after treatment in patient 4. 
The diastolic pressure-volume relation was 
shifted towards the left, which indicates that 


Table 1 Haemodynamic function before treatment and three months after treatment with enalapril 





PVR SVR 
Case HR MPRA MPAP MPCP LVBDP MAOP CI (N.s.m?) (N..m*) LVEF dPld. T 
no (beats|mn) (mm Hg) (mmHg) (mmHg) (mmHg) (mmHg) (I{min) (x 10) (x 10) (96) (mm Hgls) (ms) 
Before treatment 
1 59 15 35 25 20 72 15 287 1630 38 659 63 
2 1 9 43 30 26 71 24 246 1139 30 970 75 
3 70 5 21 12 10 101 36 92 1152 34 1553 31 
4 61 4 16 10 12 84 22 130 1752 42 897 66 
5 90 1 22 16 15 84 28 79 1059 21 Nis ~ 
6 48 4 13 1 12 94 27 72 1352 38 541 61 
7 10 36 35 26 22 81 r8 205 1648 23 1316 58 
8 105 8 20 18 25 70 11 77 2384 12 665 7) 
9 83 14 33 — 20 95 23 260 1268 28 1200 60 
10 100 5 43 28 25 87 23 320 1680 28 1047 62 
1 85 5 31 — 25 86 28 87 1212 15 1018 40 
Mean 83 15 285 19 6 19-3 84-0 23 169 1480 28 987 59 
(SD) 21 37 101 TA 57 98 06 92 371 15 300 13 
After three months’ treatment with enalapril 
I 65 13 29 25 25 72 17 112 1532 33 697 78 
2 100 5 36 25 25 60 2:9 164 846 35 668 35 
3 71 6 17 9 10 105 34 88 1100 31 1716 38 
4 69 3 17 9 12 92 25 153 1575 42 844 59 
5 88 7 15 13 13 74 21 35 1155 29 — — 
6 61 3 14 7 8 82 38 70 803 4l 674 35 
7 72 5 25 13 14 67 1-6 300 1569 35 938 57 
8 92 3 25 18 18 68 20 139 1372 19 71 45 
9 65 ll 28 14 11 58 26 282 852 23 1218 55 
10 107 3 16 11 14 70 3-0 75 1011 29 1370 27 
Hu 79 2 27 11 25 B 23 81 1187 23 1141 55 
Mean 80 55 225 141 159 745 25 136 1182 309 998 48 
(SD) 15 34 68 5-9 61 13-2 07 82 280 70 337 15 
p 0001 005 005 005 0-05 0-05 005 


CI, cardiac index per m? body surface area; HR, heart rate; LVEDP, left ventricular end diastolic pressure; LVEF, left ventricular ejection fraction; MAOP, mean 


aortic pressure; MPAP, 
vascular resistance; 


SVR, systemic vascular resistance. 


mean pulmonary artery pressure; MPCP, mean pulmonary capillary pressure; MPRA, mean right atrial pressure; PVR, pulmonary 
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Table2 Responses measured during technetium-99m exercise testing 
EBENEN NM EE —————————————————————á'Á A E EP 





HRPP 
Case MWL HR rest HRload LVEF rest LVEF load DEF EDVlret — ESVlrest — SVlrest {mm Hg/mn) 
no (W) (beats[min) (beats[mm) (%) (%) (?6) (ml) (ml) (ml) ( x 10) 
Before treatment 
1 ^^ 40 50 90 18 14 —4 104 85 19 9-90 
2 50 100 145 20 19 -1 123 98 25 18-85 
3 110 65 105 32 32 0 142 109 33 9 95 
4 70 60 100 19 24 5 125 101 24 15-55 
5 100 88 135 21 13 —8 189 149 40 24 30 
6 110 66 100 38 31 zum 116 72 44 15-55 
7 90 100 150 24 15 —9 103 78 25 24-00 
8 80 112 142 12 12 0 121 107 14 18 46 
9 80 82 120 42 37 -5 121 87 34 22 80 
10 60 90 108 19 19 0 153 124 29 14 58 
11 120 95 120 21 18 -3 135 107 28 20 40 
Mean 83 83 120 24 21 -3 130 102 29 18 58 
(SD) 25 19 20 9 8 4 25 22 9 441 
After three months’ treatment with enalapril 
1 60 70 100 18 — = 94 TI 17 13 50 
2 100 90 125 27 23 —4 145 106 39 15 00 
3 130 63 100 30 30 0 101 71 30 19 50 
4 75 68 110 20 16 —4 64 51 13 21-45 
5 110 90 125 23 19 —4 197 152 45 20 00 
6 90 64 90 49 36 —13 73 37 36 15 75 
7 90 80 135 30 18 —12 92 74 18 21-60 
8 125 90 160 22 16 —6 101 79 22 18-40 
9 70 5 120 53 47 —6 96 74 22 19 20 
10 60 TI 130 27 19 -8 101 74 27 19 50 
m 130 74 150 21 21 —6 126 92 34 26 25 
Mean 90 T 122 30 22 —6 108 81 28 19 10 
(SD) 28 10 21 il 12 4 37 22 10 352 
p 005 005 005 001 


DEF, reduction of cjection fraction at rest; EDVI, end diastolic volume per m? body surface area; ESVI, end systolic volume per m? body surface area; HR rest, 
heart rate at rest; HR load, heart rate during maximal exercise; HRPP, heart rate x pressure product; LVHF rest. left ventricular ejection fraction at rest; LVEF 


load, left ventricular ejection fraction during maximal exercise; MWL. 


Figure 1 Plots of 
representative e-~ 
volume loops duri 

preload reduction by 
occlusion of the inferior 
vena cava before (A), and 
after three months’ 
treatment uth enalapril 
(B). The pressure-volume 
loops shifted to the left 
without a change in the 
slope of the end systolic 
pressure-volume reaction. 


Figure 2. Shift in the end 
diastolic e-volume 
relation before occlusion of 
the inferior vena cava mn 
nine patients before ( A) 
and after ( B) three 


of treatment with 


the passive diastolic properties of the ventricle 
had changed. This was consistently seen in all 
patients in whom a pressure-volume loop could 
be recorded. Figure 2 shows the shifts of the 
end diastolic volumes of the whole group. 
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, maxımal workload; SVI, stroke volume per m° body surface area. 


EXERCISE TOLERANCE 

In seven patients the maximum workload 
increased, in two it remained unchanged, and 
in two it decreased after treatment (table 2). On 
average the maximum exercise capacity 
increased slightly but not significantly. Heart 
rate at maximal workload remained practically 
the same, as did the rate-pressure product. 
Though eight patients felt that their exercise 
tolerance had improved, only four increased 
their maximum rate-pressure product. Three 
of them did so at the expense of a considerable 
drop of the ejection fraction during exercise, 
more than observed before treatment; in the 
fourth patient the ejection fraction was not 
measured after treatment. 


INDICES OP CONTRACTILITY 

On average the values of dP/dt,,, were below 
normal before (987 (300) mm Hg/s) and 
remained unchanged after treatment (988 (337) 
mm Hg/s) The inferior vena cava could be 
obstructed effectively in only four patients; in 
the other five patients in whom pressure- 
volume loops were recorded the inflation of the 
balloon did not reduce diastolic pressure and 
volurne either before or after treatment. Figure 
3 shows the typical almost parallel shift to the 
left of the end systolic pressure-volume rela- 
tion, which indicated almost unchanged end 
systolic pressure-volume relation. The mean 
volume intercept shifted from 128 (65) to 55 
(24) ml and the slope remained practically the 
same (0-54 (0-22) mm Hg/ml before and 0-28 
(0-10) mm Hg/ml after treatment). The slope of 
the relation between dP/dt,,,, and end diastolic 
volume also remained practically unchanged— 
mean 1-64 (2.31) mm Hg.s'.ml! before and 
1-23 (0-48) mm Hg.s !. mf! after treatment. 
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Figure3 (Left) End systolic pressure-volume relation before and after three months 
treatment with enalapril tn four patients with successful preload reduction by occlusion of 
the inferior vena cava. ( Right) Relation between dP/dt,., and end diastolic volume — 
before and after three months of treatment with enalapril in the same four patients with 
successful preload reduction by occluston of the tnferior vena cava. 


METABOLIC CONDITION OF THE HEART, 

Normally the left ventricular ejection fraction 
increases during exercise and a drop or even the 
absence of a rise at maximum workload is taken 
as a sign of higher overt myocardial ischaemia 
or hypoxic suppression of contractility caused 
by a limited coronary reserve. Before treatment 
the mean ejection fraction for the group 
decreased from 0-24 (0-09) at rest to 0-21 (0-08) 
at maximum workload; it fell in seven patients, 
remained unchanged in three, and increased 
from 0-19 to 0-24 in one. After treatment the 
ejection fraction decreased during exercise in 
nine patients, remained constant in one, and 
was measured only at rest in one patient. On 
average, the ejection fraction after treatment 
dropped from 0-30 (0-11) at rest to 0-22 (0-12) at 
maximum workload. In seven patients the fall 
in the ejection fraction during exercise became 
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. more pronounced, and in three of these patients 


the maximal rate-pressure product increased. 
The only patient whose ejection fraction 
increased during exercise and who attained a 
rate-pressure product of 15:5 ( x 10) mm Hg/ 
min, exercised to a rate-pressure product of 
21:4 (x10) mm Hg/min after treatment but 
his ejection fraction fell. 

Because relaxation in early diastole is an 
active, energy dependent process, the negative 
peak dP/dt and the time constant t of the 
exponential decay of pressure immediately 
after a negative peak dP/dt are both regarded as 
indices of the metabolic condition of the heart 
muscle. There was little change in the peak 
negative dP/dt (903 (190) mm Hg/s, and 891 
(229) mm Hg/s) (NS). The value of x also did 
not change significantly after treatment (table 
1). 


Discussion 

Earlier studies showed that addition of an 
angiotensin converting enzyme inhibitor to the 
frusemide treatment of patients with severe 
cardiac failure improved their clinical condi- 
tion, exercise tolerance, and prognosis. '? ? 
After three months of treatment the left ven- 
tricle was smaller and the heart produced the 
same cardiac output at a lower filling pressure 
against a lower aortic pressure.!* The present 
study confirms these results. Biochemical data 
show that the inhibition of the angiotensin 
converting enzyme was effective in all patients 
and that the angiotensin II and atrial 
natriuretic concentrations were reduced. Most 
patients felt better and their maximum work- 
load increased. As a result of the treatment the 
pressure-volume loops shifted to the left and 
the recordings showed that the support struc- 
ture of the ventricle had changed. Figure 1 
shows that the reduction of diastolic ven- 
tricular volume achieved by lowering end dia- 
stolic pressure was much more important than 
the slight changes induced by an acute reduc- 
tion of pressure of the same magnitude. This 
shows that the collagen support structure of the 
heart has indeed been reshaped. 

A shift of the diastolic pressure-volume 
relation of the human left ventricle under the 
infiuence of enalapril has not been reported 
before, but similar results have been obtained 
experimentally by treating rats with chronic 
large myocardial infarctions with captopril.” 
Unloading the heart with a predominantly 
arterial vasodilator, hydralazine, did not 
produce such an effect.” From this it can be 
inferred that the ventricle is reshaped only 
because unloading is combined with a reduc- 
tion of the angiotensin concentration. This 
conditional role of a reduction of angiotensin is 
supported by the results of experimental 
studies that point to a crucial role of such 
reduction in changing the collagen structure of 
the heart. A comparison of the effects of different 
types of hypertension and of angiotensin con- 
verting enzyme inhibition on rat hearts showed 
that renovascular hypertension induced car- 
diac hypertrophy with a higher collagen con- 
tent than low renin hypertension caused by 
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infrarenal banding.? Regression of hyper- 
trophy with angiotensin converting enzyme 
inhibition is accompanied not only by a reduc- 
tion of collagen content but also by a consider- 
able change in the ratio of type I and type III 
collagen.” 25 

Because the support structures in the heart 
were reshaped, the collagen tethers between 
bundles of cardiac fibres must first have been 
dissolved and later reformed.” Acute un- 
loading shifts the diastolic pressure-volume 
relation only slightly to the left,” but in com- 
bination with the reconstruction of collagen 
tethers such a shift to a lower volume can be 
repeated until an appreciably lower volume is 
reached. This implies that remodelling of the 
heart will occur only if the heart is unloaded 
while the plasma concentrations of angiotensin 
II are simultaneously reduced. In an experi- 
mental study, treatment with a vasodilator that 
unloads the heart but activates the renin- 
angiotensin-aldosterone system did not reduce 
heart size.” 

In the acute experiment a leftward shift of 
the end systolic pressure-volume relation is 
usually interpreted as a sign of improved con- 
tractility.57 The same is true for the relation 
between dP/dt,,, and end diastolic volume,'*”’ 
but is such interpretation still correct in a long 
term study in which the ventricle is consider- 
ably remodelled and reduced in size? We found 
no additional evidence of an improvement of 
intrinsic contractile function in this study. A 
direct positive effect of enalapril would have 
been unlikely, because angiotensin II was 
weakly inotropic in isolated cardiac muscle*? 
and angiotensin converting enzyme inhibitors 
had a weakly negative inotropic action.? Con- 
tractile function might have improved, how- 
ever, by improvement in the heart's meta- 
bolism. Coronary reserve is usually reduced in 
cardiac failure and regional hypoxia of the 
muscle may add to the problem of cardiac 
failure caused by previous infarctions. The 
unloading of the heart may have a beneficial 
effect on its metabolism by reducing oxygen 
consumption, but lowering coronary perfusion 
pressure may have an opposite effect. The 
present data on reduction of ejection fraction 
during exercise suggest that the net effect of the 
unloading treatment on the oxygen balance was 
negligible or in some patients even slightly 
negative. Nor did the data on ventricular 
relaxation indicate an improvement in cardiac 
metabolism. So there seems little reason to 
suppose that treatment with an angiotensin 
converting enzyme inhibitor in this group of 
patients improved intrinsic muscle function, 
despite the leftward shift of end systolic pres- 
sure-volume relation and the relation between 
dP/dt,,, and end diastolic volume. The 
improvement of pump function seems to be 
solely the result of the remodelling of the heart, 
without recruitment of hitherto hypoxic fibres. 
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Abstract | 

Transcoronary ablation of atrioven- 
tricular conduction by dehydrated alco- 
hol was attempted in 14 patients with 
refractory atrial arrhythmias. Alcohol 
(0-5 or 1:0 ml) was delivered after selec- 
tive catheterisation of the atrioven- 
tricular nodal artery in the 10 patients in 
whom the artery could be identified by 
cineangiography. The other four patients 
underwent electrical ablation when the 


‘nodal artery could not be catheterised. 


Temporary ' atrioventricular block in- 
duced by dilute contrast and cold saline 
(0-995) confirmed that the catheter was in 
the correct position before the alcohol 
was delivered. In all 10 patients complete 
atrioventricular block developed after 
alcohol ablation. The block persisted in 
all four patients given 1:0 ml alcohol but 


not in four of the six given 0-5 ml. The 


mean (SD) creatine kinase (MB fraction) 
at four to six hours after ablation was 
76-5 (49:5) IU after 1:0 ml and 75:5 (43:1) 


IU after 0:5 ml alcohol (normal < 20 IU). 


The overall success rate of alcohol abla- 
tion in the whole group on an “intention 
to treat" basis was 43%. The procedure 
was a technical success in six of the 10 
patients in whom the nodal artery was 


. identified. Da e ; 
Transcoronary alcohol ablation of 


atrioventricular conduction should be 
considered in patients in whom electrical 
techniques have been unsuccessful. 


Closed chest electrical ablation of atrioven- 
tricular conduction is now an accepted treat- 
ment for atrial arrhythmias that are refractory 
to drugs. Conventional high energy capacitor 
discharge, however, has several disadvantages. 
The success rate is only moderate and serious 
complications have been reported.’ Because 
the shock is painful, the patient needs general 
anaesthesia and ablation often needs to be 
repeated. 

These drawbacks have led to alternative 
techniques being developed. The initial 
results with radiofrequency energy and low 
energy direct current ablation were en- 
couraging.?* A transcoronary approach has 
been used to treat ventricular tachycardia and 
atrial arrhythmias.** We investigated the 
feasibility, safety, and clinical value of trans- 
coronary alcohol ablation of atrioventricular 
conduction in patients who would otherwise 
have been considered for conventional elec- 
trical ablation. 


Patients and methods 

PATIENTS 

We studied all 14 patients (mean age 64 
(range 54—75); nine men) admitted for abla- 
tion of atrioventricular conduction between 
November 1989 and April 1990. Table ] sum- 
marises the clinical characteristics of the study 
patients. Four patients had evidence of struc- 
tural cardiac pathology: in two the mitral 
valve had been replaced because of rheumatic 
disease and two had haemodynamuically insig- 
nificant mitral valve prolapse. T'he arrhythmia 
was atrial flutter or fibrillation in 12 patients, 
one patient had atrioventricular nodal re- 
entry tachycardia, and one had focal atrial 
tachycardia. Symptoms had been present for 
1—60 years (median 3-5 years). These patients 
had been refractory to or intolerant of a mean 
(SD) of 44 (1:8) antiarrhythmic drugs, 
including amiodarone in 11. In three patients 
an earlier attempt at electrical] ablation had 
been unsuccessful. The protocol was ap- 
proved by the St George's Hospital ethics 
committee and all patients gave written con- 
sent for the procedure after the possible risks 
and benefits and its experimental nature had 
been explained. 


EXPERIMENTAL PROTOCOL 

For the initial coronary angiographic examin- 
ation, we used the Judkins approach to iden- 
tify the atrioventricular nodal artery. Multiple 
views of the dominant artery were taken to 
enhance the identification of the nodal artery 
before ablation. The ablation procedure was 
undertaken with the patients in a fasted, 
premedicated, and midly sedated state. A 6F 
bipolar wire was placed in the right ven- 
tricular apex to serve as a temporary pace- 
maker and a 6F tripolar wire was positioned 
to record the largest bipolar His potential. 
A standard 8F or 9F angioplasty guiding 
catheter was positioned in the ostium of the 
coronary artery which gave rise to the atrio- 
ventricular nodal artery. 10 000 units of 
heparin and 250 ug of glyceryl trinitrate 
were administered prophylactically by intra- 
coronary injection. The atrioventricular nodal 
artery was selectively cannulated with a 2:2F 
infusion catheter (Target Therapeutics 
Tracker~18 Hi-Flow), which was manipulated 
over a 0-013 inch steerable guide wire (Target 
Therapeutics Flex-Tip) (fig 1). The catheter 
was advanced as far as possible to wedge 
within the artery. Warm dilute contrast was 
then injected to exclude the presence of back- 
flow into the main artery. If backflow occurred 
the catheter was remanipulated and the injec- 
tion repeated. We confirmed that the catheter 
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Figure 1 
0-013 inch guide wire (arrow 


Table 1 Clinical characteristics of patients at entry 


Sneddon, Ward, Simpson, Linker, Wainwright, Camm 


ee 





No of anti- 

Duration arrhythmic Other cardiac Previous 

Patient Agejsex Arrhythmia (yr) drugs Symptoms diagnoses ablation 
l 67/M AFL 8 7 P,CP,D MVP No 
2 67/M PAF 5 4 P, D None No 
3 62/M PAF 3 6 P,D MVP No 
E 54/M AF 5 3 P,D MVR No 
5 70/F AVNRT 60 5 P,PS None No 
6 75|M AT 2 2 PD None No 
7 62/F PAFL 2 4 P,D, PS None No 
8 64/F AF 3 3 P,D MVR Yes 
9 63M AFL 4 1 P,S ? VT No 
10 60/M PAF 3 4 P, D, PS None Yes 
11 59/F PAF 11 4 P, CP, D, PS None No 
12 63/M AFL 1 7 D,PS None No 
13 59/M AFL 2 6 P,D, PS None No 
14 70/F AF 10 6 P,D,PS None Yes 


e — a ———— M ——— 
AF, persistent atrial fibrillation; AFL, persistent atrial flutter; AT, atrial tachycardia; AVNRT, atrioventricular nodal re-entry 
tachycardia; CP, chest pain; D, dyspnoea; MVP, mitral valve prolapse; MVR, mitral valve replacement; P, palpitation; PAF, 
paroxysmal atrial fibrillation; PAFL, paroxysmal atrial flutter; PS, presyncope; S, syncope; VT, ventricular tachycardia 





A right coronary angiogram in the left antertor oblique projection showing an 
) manipulated deep into the atrioventricular nodal artery. 


was correctly placed by injection of 2-10 ml 
cold saline (0-9%). If this caused a definite 
transient complete heart block we injected 0:5 
or 1-0 ml of dehydrated alcohol over one 
second and then 1:0 ml of saline. Patients 2, 3, 
4, and 14 were given 1-0 ml and patients 5 and 
7-11 0:5 ml. The reasons why we changed the 
dose will be discussed later. 

All patients were monitored on the cardiac 
ward for 24 hours after the procedure. If 
necessary a permanent pacemaker was inser- 
ted within 48 hours. All patients had cross 
sectional echocardiography with a Diasonics 
CFM 500 or a Hewlett Packard Sonos 1000S 
before and within three days of the procedure. 
Creatine kinase (MB fraction) activity was 
measured in blood samples taken four to six 
hours after injection of alcohol. 


Results 

IDENTIFICATION OF THE ATRIOVENTRICULAR 
NODAL ARTERY 

In 10 patients the artery supplying the 
atrioventricular node was identified on the 
initial cineangiogram. In nine it originated 
from the right coronary artery (one of them had 
a dual arterial supply) (fig 2) and in one patient 
it arose from the left circumflex artery. The 
artery could not be identified in four patients, 
two of whom had a left dominant anatomy. In 
the four patients in whom the vessel could not 
be visualised during screening it was identified 
on the developed films. 


CATHETERISATION OF THE ARTERY SUPPLYING 
THE ATRIOVENTRICULAR NODE 

We successfully cannulated all 11 arteries (in 10 
patients) that were visible on the angiograms 
and confirmed the position of the catheter by 
infusion of contrast and cold saline. The injec- 
tion of dilute contrast led to varying degrees of 
atrioventricular block in all patients, but at that 
time we believed that it was necessary to inject 
cold saline to be certain that the correct vessel 
had been catheterised. Injection of cold saline 
into the nodal artery produced transient com- 
plete atrioventricular block in all patients. 
Incomplete block, notably slowing of the ven- 
tricular response in patients with atrial fibrilla- 
tion or flutter, was seen when contrast or cold 
saline were injected into vessels which ran close 
to the nodal artery. Because the coronary artery 
went into spasm during three early procedures 
we reduced the volume of cold saline injected 
from 10 ml to 2 ml. Not surprisingly we could 
not catheterise the atrioventricular nodal artery 
in any of the four patients in whom the artery 
could not be identified on cineangiography, 
though it was probably entered with a guide 
wire in one case. 


RESULTS OF ALCOHOL INJECTION 

Table 2 shows the initial results of the ablation 
procedure and table 3 shows the long term 
outcome. In all 10 patients complete atrio- 
ventricular block developed immediately after 
the injection of alcohol. All four patients in 
whom 1-0 ml alcohol was injected were still in 
complete heart block 4—7 months after the 
procedure. So too were patients 9 and 11 who 
were given 0:5 ml alcohol. Atrioventricular 
conduction returned in four patients who were 
given 0:5 ml of alcohol. One (patient 8) of them 
had two separate ablation procedures. Patient 
5, who had atrioventricular nodal re-entry 
tachycardia, remained well with no clinical or 
inducible tachycardia. Patient 7, in whom con- 
duction resumed 30 minutes after ablation, 
underwent a repeat procedure four days later. 
'This was unsuccessful because the nodal artery 
was occluded. Two attempts at electrical abla- 
tion were also unsuccessful in this patient and 
she is awaiting surgical ablation. Patient 8, who 
had dual nodal arteries, had a further injection 
of 0:5 ml into the second artery after conduc- 
tion recurred 24 hours after the initial attempt 
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Table 2 Results of alcohol albation 
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Panent AVNA seen Presumed AVNA seen AVNA Dose of AV block 
' No on angiogram vessel of origin* on screening catheterised alcohol ( ml) with alcohol 
l No R No No None — 
2 Yes R Yes Yes 10 Yes 
3 Yes R Yes Yes 10 Yes 
4 Yes R Yes Yes 10 Yes 
5 ` Yes R No Yes 05 Yes 
6 No L Cx No No None — 
7 Yes L Cx Yes Yes 05 Yes 
`" 8t Yes R Yes Yes 054-05 Yes 4 yes 

9 Yes R Yes Yes 05 Yes 

10 Yes R No Yes 05 Yes 

11 Yes R No Yes 05 Yes 

12 No L Cx No No None — 

13, , No R No No None — 

14 Yes R No Yes 10 Yes 





*When the atrioventricular nodal artery could not be seen on the developed films, ıt was assumed to originate from the vessel 


supplying the posterior descending artery - 
` +This patient underwent two alcohol ablation procedures. . 


AV, atrioventricular, AVNA, atrioventricular nodal artery, L Cx, left circumflex artery; R, right coronary artery 


Table 3 Follow up results of all patients 








Current 
Peak CK MB (IUJI)* - t Follow up antiarrhythrmc 
Patient No after alcohol epeat procedures Current state (mnik) medication 
1 — EA AV block 7 None 
2 48 None AV block 7 None 
3 35 None AV block 7 None 
4 146 None AV block 6 None 
5 131 None CR, 6 None 
6 — ` FEA AT 6 Amiodarone 
1 l FAA, FRA SR, PAFL 5 Flecainide 
8t 62 and 15 FAA, FEA 4 None 
9 100 None AV block 5 None 
10 1 None 5 Digoxin 
11 43 None AV block 5 None 
12 — EA AV block 4 None 
13 — FEA SR, PAFL 4 Sotalol 
14 TI None AV block 4 None 





*Normal < 20 IU/l. 
patient underwent two alcohol ablauon procedures. 


creatine kinase results for patient 10 are not available owing to a laboratory mishap. 
AF, atrial fibrillanon; AT, atrial tachycardia; AV, atrioventricular; CR, conduction returned; CK MB, creatine kinase MB 
fraction; EA, electrical ablation; FAA, failed alcohol ablation; FEA, failed electrical ablanon, NT, no tachycardia; PAFL, 
paroxysmal 


atrial flutter, SR, stnus rhythm. 


(fig 2). Unfortunately, this attempt also failed 
because conduction resumed after 48 hours. À 
further attempt was thwarted by both vessels 
"being occluded. Atrioventricular conduction 
returned after nine days in patient 10 who is 
. now awaiting a further attempt at electrical 

‘ablation. The chances that an ablation pro- 
cedure would produce long term heart block 
were significantly improved (p « 0-05) when 


1:0 ml of alcohol was given (Fisher's exact test). ` 


The injection of alcohol was well tolerated by 
all patients though most reported minor tran- 
sient chest discomfort immediately after the 


injection. All patients were monitored for 24. 


, hours after the procedure; none showed any 
new arrhythmias. The echocardiographic ejec- 
tion fraction did not change in patients given 
:alcohol and there were no new segmental wall 
motion abnormalities. The mean (SD) creatine 
kinase (MB fraction) concentrations measured 
four to six hours after each alcohol injection 
were 76-5 (49-5) IU for patients given 1-0 ml 
alcohol and 75-5 (43-1) IU for those given 0:5 
ml (normal range < 20 IU). The mean serum 
concentration of creatine kinase MB in patients 
in whom long term complete heart , block 
occurred after alcohol was 74:8 (42:5) IU and in 
those in whom conduction recovered it was 
77-0 (50-0) IU. Unfortunately the ‘enzyme 
results of patient-10 are unavailable owing to a 
laboratory mishap. 


ESCAPE RHYTHMS 

Four to six weeks after the procedure all 
patients in whom alcohol ablation had been 
successful showed stable escape rhythms—RR 
interval 1272 (160) ms and QRS duration 97 
(25) ms. 


COMPLICATIONS 

In two patients ventricular fibrillation 
developed when contrast was injected into the 
right coronary artery before the infusion cath- 
eter was introduced. Prompt defibrillation re- 
stored sinus rhythm immediately and the 
procedure was successfully completed in both 
patients. Coronary artery spasm developed in 
three patients after injection of cold saline. 
Two of these had been given intracoronary 
glyceryl trinitrate. The ensuing hypotension 
and ST elevation resolved rapidly with further 
nitrate. The two patients in whom spasm 
developed and who did not go on to receive 
alcohol showed no increase in cardiac enzymes. 
One patient had evidence of a small dissection 
of the right coronary artery seen on the final 
injection of contrast. This was not associated 
with any short or long term adverse effects. 


Discussion 
We showed that alcohol ablation of atrio- 
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after conduction had recurred. Because the 
atrioventricular node, in common with other 
areas of the conducting system, is more resis- 
tant than the myocardium to ischaemia it must 
have an adequate collateral blood supply from 
atrial and septal vessels." " The instantaneous 
block produced by alcohol suggests a direct 
toxic effect upoa nodal tissue. The fact that the 
release of creatine kinase is independent of the 
dose of alcohol suggests that the normal 
myocardial tissue supplied by the nodal artery 
is fully infarcted by the toxic effects of even the 
lower dose of alcohol. The specialised conduct- 
ing tissue also seems to be more resistant than 
the myocardium to the effects of alcohol. Slow 
infusion of alcohol into renal arteries caused 
ischaemic damzge secondary to vascular sludg- 
ing by denatured red cells but our rate of 
alcohol delivery was rapid enough to subject all 
areas supplied by the nodal artery to very high 
concentrations of alcohol" One possible 
explanation for the failures with the lower dose 
was that the alcohol was not long enough in 
contact with the node before it was flushed out 





Figure 2. A right coronary arteriogram taken in the left anterior oblique projection in a A am Sb : : : 
patient (case 8) who had dual nodal arteries. The proximal artery (white arrow) was either actively or by resumption of flow after 


cannulated at the first ablation attempt and was occluded at a later study. The distal 
artery (black arrow) was entered and alcohol injected but atrioventricular conduction 
returned. A third attempt was made but both main nodal vessels were occluded and 
injection of cold saline into the third artery (small arrow) had no effect on conduction. 


removal of the catheter. It might be better to 
leave the catheter wedged in the artery for 
longer and increase the time that the nodal 


ventricular conduction is a safe and practical 
procedure in most patients 


SUCCESS OF ALCOHOL ABLATION 

The atrioventricular nodal artery must be iden- 
tified on the initial coronary angiogram before it 
can be cannulated. We do not recommend 
speculative attempts unless a suitable candidate 
vessel has been seen. Inability to see the nodal 
artery during screening, however, did not 
reduce the likelihood of successful cannulation 
if the vessel was identified on the original 
developed films. In all patients in whom the 
nodal artery was cannulated complete heart 
block developed when alcoho! was injected, but 
in three atrioventricular conduction returned 
and their symptoms continued. The ablation 
procedure in the patient with nodal re-entry 
was technically unsuccessful but the clinical 
outcome was satisfactory. The procedure was 
significantly more successful when 1:0 ml rather 
than 0:5 ml alcohol was used. The initial choice 
of a dose of 1-0 ml was based on the reports of 
Brugada er al^ In an attempt to minimise 
myocardial damage we reduced the dose but 
this led to reduced success with no change in 
enzyme release and so we returned to 1:0 ml for 
the last patient in the series. Enzyme release 
was not related to the amount of alcohol 
injected or the technical success of the 
procedure. 


MECHANISM OF ACTION OF ALCOHOL ABLATION 

Studies of patients with inferior myocardial 
infarction and experimental work in dogs 
showed that simple occlusion of the nodal 
artery does not result in major long term 
structural or  electrophysiological abnor- 
malities in the node.°* This accords with our 
observation that the nodal vessels were oc- 
cluded proximally in the two patients restudied 


tissue is bathed in alcohol. This would prob- 
ably cause a little extra myocardial damage 
because much of the muscle supplied by the 
vessel is likely to be jeopardised by the initial 
toxic effects. The ideal dose, concentration, and 
flow rate of alcohol for maximum efficacy and 
safety have yet to be determined. 

‘The lesions produced by intracoronary alco- 
hol have main.y been studied after injection 
into left ventricular branches in animals. Inoue 
et al reported the results of infusion of 100% 
alcohol using occlusive cannulation into a 
diagonal branch of the left anterior descending 
artery in eigh- dogs." This produced pre- 
dominantly focal discrete transmural infarction 
but in two dogs patchy or diffuse lesions devel- 
oped. In the absence of histological informa- 
tion it is not possible to predict the exact 
morphology of the lesions produced in our 
patients. The possibility that alcohol infusion 
induces irregular lesions raises concern about 
new ventricular arrhythmias developing, es- 
pecially as the nodal artery may supply a small 
area of the upper interventricular septum. 

The escape rhythms in the patients who had 
alcohol ablation of the ventricular node were 
predominantly narrow complex but one patient 
showed a left bundle branch block configura- 
tion and another showed incomplete right 
bundle branch block. This is consistent with 
previous studies that showed that blood was 
supplied to the His bundle and its branches by a 
continuation of the nodal artery." 


COMPARISON WITH OTHER TECHNIQUES OF 
ABLATION 

In this prospective study, alcohol ablation was 
a technical success, on the basis of an “‘inten- 
tion to treat”, in six (43%) out of 14 patients. In 
patients in whom the nodal artery could be 
identified alcohol ablation was technically suc- 
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cessful in 60% and a clinical success in 70%. 
There is good reason to believe that the results 
will improve with further development of the 
technique. Certainly the procedure is limited to 
patients with identifiable arteries and no impor- 
tant coronary artery disease of the dominant 
vessel. de Swart et al who used similar doses in 
most of their patients reported complete suc- 
cess in five of 10 patients, modification of 
conduction in two, and in three coronary artery 
disease or failure of visualisation of the nodal 
artery precluded alcohol ablation. The tech- 
nique avoids the need for general anaesthesia 
and the risks of barotrauma associated with 
conventional high energy ablation. 

Success rates with other techniques, 
however, are higher. When long term complete 
heart block was regarded as the end point, 
conventional ablation was successful in 6596 of 
354 patients. Successful low energy direct 
current ablation was reported in 79-100% and 
radiofrequency energy was successful in 56- 
71% of patients.’ '^ ! 

The release of cardiac enzymes after alcohol 
ablation is appreciably higher than has been 
reported for other methods of ablation. 
Brugada et al reported a mean aspartate 
aminotransferase of 89 U (normal < 40) in six 
of their patients; one patient who sustained an 
inferior wall infarction was excluded from this 
analysis.) Direct comparison of peak creatine 
kinase MB concentrations after conventional 
ablation (22-40 IU) and alcohol ablation (76 
IU) is hampered because different assay 
methods were used." Enzyme release was 
negligible after low energy and radiofrequency 
ablation. The large release of enzymes after 
alcohol ablation is disturbing; however, the 
nodal artery supplies only a small area of 
muscle and echocardiographic study did not 
show any new abnormalities. We are currently 
studying whether there is a more rapid or 
complete release of enzymes after an alcohol 
injury than after other insults. : 

The occlusion of the nodal artery after 


alcohol unfortunately precludes repeated - 


attempts at ablation except, when, unusually, 
there are dual arteries. With other techniques 
subsequent procedures are possible if conduc- 
tion returns. f 


COMPLICATIONS 

The two cases of ventricular fibrillation 
occurred before the infusion catheter was 
introduced and were simply secondary to injec- 
tion of contrast material. Coronary artery 
spasm followed injection of cold saline in three 
patients and was associated with significant 
haemodynamic disturbance. This complication 
can be minimised by an initial injection of 
warm dilute contrast into the selected can- 
didate vessel. This will usually cause block if 
the catheter is correctly positioned and if any 
backflow into the main artery is seen the cath- 
eter can be repositioned. Atrioventricular block 
can be achieved with a much smaller dose of 
cold saline than has been previously reported; 
1-2 ml is sufficient if the catheter is properly 
wedged within the artery? We have more 
recently abandoned the use of cold saline if 
dilute contrast produces convincing evidence 
that the correct vessel has been catheterised. A 
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combination of these precautions and prophy- 
lactic intracoronary nitrates should minimise 
the risk of spasm. Backflow of alcohol if the 
infusion catheter is not completely wedged can 
be disastrous. Brugada et al reported the 
dangers of attempted repeat ablation when, 
though the main vessel seems to be patent, 
occlusion of the distal segments causes back- 
flow. 


Conclusions 

'This prospective study of the use of alcohol 
ablation showed the feasibility of the tech- 
nique. The modest success rate, concern about 
the release of cardiac enzymes, and the poten- 
tial for serious complications suggest that this 
technique should probably be reserved for 
patients in whom other ablative treatments 
have failed. Alcohol ablation, which began as a 
treatment of last resort for ventricular 
tachycardia, should now be seriously con- 
sidered before the more radical approach of 
surgical interruption of atrioventricular con- 
duction. Further study to determine the 
optimal dose, concentration, and contact time 
between the node and alcohol is likely to 
improve the results. If backflow of alcohol or 
cold saline is scrupulously avoided, perhaps by 
use of a balloon occlusion catheter, the risks of 
significant complications may be reduced. 


We thank Dr Albert Fenech for his permission to report the 
details of one of his patents 
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Balloon atrial septostomy under. 


 echocardiographic control: six years’ experience 


and evaluation of the practicability of cannulation 


via the umbilical vein 


M Ashfaq, A B Houston, J P Gnanapragasam, S Lilley, E P Murtagh 


Abstract 

Balloon atrial Sepiostomy was under- 
taken under cross sectional echo- 
cardiographic control in 63 consecutive 
infants: in no case was fluoroscopic 
imaging required. The procedure was 
performed in the cardiac catheterisation 
laboratory, ward side room, or at the 
bedside in the neonatal intensive care 
unit. Catheterisation via the umbilical 
vein was attempted in 37 infants aged 
«48 hours old and was successful in 27. 


No complication was clearly attributable 


to the procedure though two infants 
died. A nine day old child died from 
disseminated intravascular coagulation 
the day after septostomy by the ilio- 
femoral route and another, aged nine 
days, died of necrotising enterocolitis 
which had developed when he was eight 
days old, after umbilical catheterisation 
at eight hours. 

Balloon atrial septostomy is a safe and 
easy. procedure under cross sectional 
echocardiographic imaging control. 
Catheterisation via the umbilical vein 
was safe, easy to perform, and is 
appropriate in infants aged <48 hours. 


Balloon atrial septostomy remains an 
important palliative procedure in many 
infants with cyanotic congenital cardiac 
conditions.’ After its introduction in 1966? the 
procedure was performed under the control of 
fluoroscopic imaging. This form of imaging 
does not show the intracardiac structures 
directly and because the catheter has to be 
manipulated in relation to the anatomical 
landmarks on-the image the risk of damage to 
the related intracardiac structures is 
increased. Recently it has become possible to 
perform , septostomy under the imaging 
control of cross sectional echocardiography.* 
This shows clearly the intracardiac anatomy 


and the precise position of the catheter tip, - 


which reduces the, risk of inadvertently 
damaging the mitral valve or other 
intracardiac structures. Not all workers accept 
ultrasound as.the most appropriate imaging 
control for all patients. ý 


Catheterisation via the umbilical vein allows . 


a catheter to be inserted easily and quickly 
into the heart but it does not permit much 
catheter manipulation. Because during 


balloon atrial septostomy the catheter requires 
only slight ‘manipulation to enter the left 
atrium and because most infants undergoing 
septostomy do not need a formal catheter 
investigation the umbilical vein may provide a 
suitable route. 

Earlier studies of cross sectional echo- 
cardiographic imaging in balloon atrial 
septostomy were small* or compared this 
technique with. that of fluoroscopic i imaging.* 
We are not aware of any long term study of 


the routine use of echocardiographic imaging 
‘control for atrial septostomy or of the 


assessment of the use of the umbilical vein for 
catheterisation. For six years we have used the 
umbilical vein and echocardiographic imaging 
control for balloon atrial septostomy. 


Patients and methods 

Sixty three patients underwent balloon atrial 
septostomy at the Royal Hospital for Sick 
Children, Glasgow, between September 1984 
and September 1990. Initially septostomy was 
not routine in those with univentricular heart 
with absent right atrioventricular connection 
(tricuspid atresia) but this policy changed and 
more septostomies were carried out in the later 
period of the study. At the time of septostomy 
18 patients were <24 hours old, 30 were 24-48 
hours old, and 15 were > two days old. Birth 
weights ranged from 1-4 to 4-7 (mean 3-3) kg. 

We used the procedure to palliate various 
congenital cyanotic conditions: transposition of 
the great arteries (46), pulmonary atresia 
(seven), tricuspid atresia (seven), hypoplastic 
left heart syndrome (one), and other complex 
congenital cardiac anomalies (two) with or 
without transposition of great arteries. At the 
time of-septostomy 34 patients were being 
treated with a prostaglandin infusion. 

The underlying cardiac defect was diagnosed 
on cross sectional echocardiography, with the 
addition of colour Doppler flow mapping from 
January 1987. Atfirst we used commercial ATL 
equipment (Advanced Technology Labora- 
tories) and later a Vingmed CFM 700, both 
with a 5 MHz transducer. 

We catheterised the umbilical vein or 
iliofemoral vein.with a 5F Fogarty atrial septo- 
stomy balloon catheter (Edwards laboratories). 
When we used the umbilical venous route we 
cleaned the stump and transected it near the 
skin. The catheter tip was inserted directly into 
the lumen of.the umbilical vein and gently 
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Figure 1 Modified 
subcostal view showing a 
clear image of the catheter 
with the umbilical vein as 
route of entry for the 
catheter, The catheter 
traverses the ductus 
venosus and enters the 
right atrium and left 
atrium through a patent 
foramen ovale. Parts of 
the left atrium, interatrial 
septum, and a pulmonary 
vein are also visible. 


Figure 2 Subcostal four 
chamber view obtained by 
medial and superior 
angulation of the 
transducer showing the 
inferior vena cava (tvc), 
right atrium (ra), 
interatrial septum, and left 
atrium (la) in one plane. 
This view facilitated 
manipulation of balloon 
catheter. Both 
atrioventricular valves 
and the interventricular 
septum can also be seen. 


advanced and rotated if we encountered resis- 
tance. To get the catheter into the inferior vena 
cava we sometimes had to press gently on the 
subxiphoid region or use the central wire to 
straighten the tip of the catheter. We could see 
the catheter passing through the liver (fig 1) but 
the image was not of practical value when we 
had difficulty passing the catheter through the 
ductus venosus. If the catheter could not be 
passed easily into the heart the procedure was 
not prolonged and the femoral route was used. 


At the end of the 


proced 


sutured. No antibiotics 
before or after the proc 
femoral route was used 
introduced either percutz 


French gauge 7 sheath or, 

ful, by cut down. We atter 
the umbilical vein in th 
less than 48 hours old; we 
failed in 10. The 
electively in 26 patients, | 
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Figure 3  Subcostal view 
focusing on the interatrial 
septum. The balloon was 
inflated in the left atrium 
and was pulled against the 
interatrial septum. Note 
the walls of the inflated 
balloon. 


than two days of age. Four of these patients 
needed concomitant diagnostic cardiac cath- 
eterisation. 

We inserted the balloon catheter using a 
subxiphoid four chamber view as a guiding 
image. In most infants the catheter passed 
easily from the right atrium through the patent 
foramen ovale into the left atrium and only 
slight manipulation was required. When there 
was difficulty we used an image obtained by 
medial angulation and rotation from a subcos- 
tal long axis view to guide the passage of the 
catheter tip through the fossa. This view shows 
the junction between the inferior vena cava and 
the right atrium, eustachian valve, atrial sep- 
tum, and left atrium' (fig 2). When the catheter 
tip was shown to be in the left atrium it was 
inflated with saline and gently pulled back until 
it apposed the atrial septum (fig 3) and then it 
was pulled through into the right atrium. It was 
inflated with 2-4 ml and pulled back several 
times until it became easy to pull the catheter 
through the septal hole and cross sectional and 
colour Doppler echocardiography showed a 
good sized hole. 

We decided to use echocardiographic imag- 
ing for balloon atrial septostomy for 10 months 
when, because the catheterisation laboratory 
was being modernised, screening facilities in 
the hospital were not adequate. We performed 
the procedure in the ward side room, but later 
we returned to the catheterisation laboratory 
because nursing staff and ultrasound and other 
equipment used in the procedure were avail- 
able. In addition, in two very ill neonates the 
procedure was performed in the neonatal inten- 
sive care unit. 
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Results 

We used echocardiographic imaging control 
for septostomy in all patients, including the 
four who had diagnostic catheterisation. The 
images were adequate for the procedure in all; 
none needed fluoroscopy to guide the passage of 
the catheter through the septum. In all patients 
the size of the atrial septal defect we created 
(seen on echocardiographic image or by colour 
flow mapping) showed that the procedure was 
successful. 

We only attempted to catheterise the 
umbilical vein in the 37 infants who were <48 
hours old. We were unsuccessful in 10: three of 
the 18 <24 hours old and seven of the 19 aged 
between 24 and 48 hours of age. Catheterisa- 
tion or attempted catheterisation of the 
umbilical vein did not cause any recognisable 
complications. T'wo infants died: the first had 
atrial septostomy by femoral cut down on the 
eighth day and died the next day of dissemin- 
ated intravascular coagulation, while the other 
underwent septostomy through the umbilical 
vein when he was eight hours old and died from 
necrotising enterocolitis which developed 
when he was eight days old. 


Discussion 

Echocardiography rather than cardiac cath- 
eterisation is now used to investigate many 
aspects of congenital cardiac defects. Defects 
can be imaged by echocardiography and their 
severity and haemodynamic importance 
assessed by Doppler ultrasonography. In many 
cases surgical intervention can be reliably 
based on such studies." " 


Interatrial balloon septostomy is a lifesaving 
palliative technique in patients with transposi- 
tion of the great arteries and allied conditions. 


"Previously the procedure was performed under 


fluoroscopic control with the balloon catheter 
being manipulated in relation to anatomical 
landmarks on the fluoroscopic image rather 
than actual visualisation of the interatrial sep- 
tum and related intracardiac structures such as 
the atrioventricular valves. With this imaging 
technique there is the risk that balloon inflation 
will damage the atrioventricular valves if a 
balloon thought to be in the left atrium is really 
in a ventricle.’ 

The intracardiac anatomy is more clearly and 


' precisely displayed when the procedure is 
.undertaken under cross, sectional echo- 


cardiographic imaging control. In addition, the 
defect created by the balloon can be seen and 
accurately measured, a procedure that is vir- 


- tually impossible with catheterisation and 
angiography. This approach is helpful in, 


patients in whom the position of the heart is 
abnormal and it is difficult to see the relative 
positions of the atrial septum and atrio- 
ventricular valves by xray screening. Our 
findings in this series of 63 patients who under- 
went balloon atrial septostomy over a period of 
six years showed that cross sectional echo- 
cardiographic imaging was a reliable guide for 
manipulation of the balloon catheter. Where 
there is any difficulty in passing the catheter 


through the atrial septum the modified subcos- 


tal view’ should be used. 

We believe that when balloon atrial septo- 
stomy is performed under the control of cross 
sectional echocardiographic imaging the 
procedure is safer, less time consuming, and 
avoids exposing the patient and operator to 


radiation. With this imaging technique the . 


procedure can also be performed at the bedside, 
in the intensive care unit, or other places where 
fluoroscopy is not available. It does need the 
cooperation of two trained operators, one to 
perform the procedure and the other to obtain 
the echocardiographic image. Because most 
centres that treat congenital heart defects now 
have a good echocardiographic service, it will 
not be difficult to perform such procedures 
under the control of ultrasound image. 

Most infants requiring atrial septostomy are 
seen in the first two days of life when the ductus 
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venosus is potentially patent and may be used 
to perform the septostomy. The technique is 
simple and quick and can be readily performed: 
in cramped conditions such as in an incubator 
in an intensive care unit. It has also been stated 
that "this approach saves a vein". But we 
failed to pass the catheter in 25% of infants; so 
is it appropriate to use this approach first rather 
than the femoral one? Ten years ago the risk of 
venous thrombosis from percutaneous cath- 
eterisation was 16% in infants under six 
months.!! Though the real risk now is likely to 
be lower it cannot be disregarded. As far as we 
are aware no patient in our series developed 
such a complication, and in view of this and the 
small study groups we cannot be certain which 
approach has fewer complications. In view of 
the simplicity and safety of using the umbilical 
route our present policy in those under 48 
hours initially is to clean both the umbilicus 
and the groin; if the catheter does not pass 
easily through the ductus venosus we then 
immediately attempt the percutaneous 
approach through the groin. 


JPG is supported by a grant from the Equipment Evaluation 
Committee of the Scotusb Home and Health Department. 
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Atrial natriuretic peptide, aldosterone, and plasma 
renin activity in peripartum heart failure 


C O Adesanya, F I Anjorin, I A Sada, EH O Parry, G A Sagnella, G A MacGregor 


Abstract 

Plasma concentrations of atrial 
natriuretic peptide and aldosterone and 
plasma renin activity were measured in 
patients with peripartum heart failure 
and in age matched healthy women post 
partum. Both groups had carried out 
traditional postpartum practices of salt 
consumption and body heating. Plasma 
concentrations (mean (SEM)) of atrial 
natriuretic peptide were significantly 
higher in the seven patients with 
peripartum heart failure (146-9 (24:3) pg/ 
ml) than in the seven controls (4:4 (0:8) 
pg/ml). Both plasma aldosterone and 
plasma renin activity were suppressed in 
the patients with peripartum heart 
failure. After treatment for the heart 
failure plasma atrial natriuretic peptide 
fell considerably and there were 
associated increases in plasma aldo- 
sterone and plasma renin activity. 

The high plasma concentrations of 
atrial natriuretic peptide may have been 
a compensatory respense to salt and 
water retention as well as to the heart 
failure. These high concentrations could 
also, in part, have suppressed the release 
of aldosterone and renin in an attempt to 
correct for volume overload. 


Women in and around Zaria in northern 
Nigeria who develop peripartum heart failure 
have customarily eaten large quantities of lake 
salt (Kanwa) and water in the early post- 
partum period.’ They are also likely to have 
performed the ritual of body heating. Both of 
these practices can increase blood volume and 
have been associated with high output cardiac 
failure.? These women have no evidence of 
underlying cardiac or renal disease. Besides 
the volume expansion, the pressure load of 
postpartum hypertension may also contribute 
to the cardiac damage in susceptible indi- 
viduals. So far the role of the kidney’s ability 
in handling the salt load in peripartum heart 
failure has not been determined. Several fac- 
tors are important in the control of renal 
sodium excretion, in particular the renin- 
angiotensin-aldosterone system and the newly 
discovered atrial natriuretic peptides. Little is 
known, about these hormonal determinants in 
peripartum heart failure. In the present study 
we measured circulating concentrations cf 
atrial natriuretic peptide, and aldosterone and 
renin activity in women before and after 
treatment for peripartum heart failure. 


Patients and methods 

We studied seven patients (mean age 28; range 
21-30 years) with peripartum heart failure. 
All the patients and controls had carried out 
the postpartum rituals of body heating. In 
addition to the estimated daily salt intake of 
approximately 10 g, all but one patient (case 
6) had ingested large quantities of Kanwa, a 
lake salt. The traditional dose of Kanwa is 
approximately 30 g/day. This has been 
estimated to contain 450 mmol of sodium. 
Kanwa is taken in pap with large amounts of 
water daily for 40 days or more. The patients 
were admitted to hospital and their symptoms 
and signs were recorded. Particular attention 
was paid to the examination of the cardio- 
vascular system. Blood pressure, pulse, 
jugular venous pressure, and the precordium 
were carefully examined. The measurement of 
jugular venous pressure was used as an indica- 
tion of central venous pressure. It was 
measured with the patients semi-sitting at an 
angle of 30 or 45° with the head turned to the 
left. The patients were weighed and before 
treatment routine investigations (chest x ray, 
electrocardiogram, full blood count, urea and 
electrolytes, serum proteins, urine analysis, 
and spot urine sodium) were performed. 
Treatment was started before a 24 h urine 
sample was collected for the measurement of 
sodium. Atrial natriuretic peptide (a ANP), 
aldosterone, and plasma renin activity were 
measured before treatment and up to seven 
days after treatment with digoxin, frusemide, 
and salt restriction. Except for chest x rays, 
the controls also had similar routine inves- 
tigations and hormone assays. 


BLOOD COLLECTION 

Venous blood was collected at noon with the 
woman in the semi-sitting (cardiac) position. 
The samples were collected into EDTA tubes 
to measure plasma renin activity; in heparin 
tubes for aldosterone, and into EDTA tubes 
plus 15 yl of trasylol solution (5000 KIU/ml; 
Bayer, Aprotinin) to measure atrial natriuretic 
peptide. Similar methods were used to analyse 
blood samples collected after treatment. The 
blood samples were immediately centrifuged 
at 4°C and the plasma was stored in clear 
plastic tubes at —20°C. Plasma samples for 
renin were preserved in EDTA tubes; those 
for aldosterone and atrial natriuretic peptide 
were placed in clear plastic tubes. All samples 
for hormone measurements were stored at 
—20'C until they were transported, in the 
frozen state, to London, where plasma atrial 
natriuretic peptide, aldosterone, and plasma 
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renin activity were measured by radio- 
immunoassay as described elsewhere.? 

We used paired or unpaired tests as 
appropriate for group comparisons. Non- 
parametric tests were used for urinary sodium 
and plasma hormone measurements because 
of considerable differences in sample variances 
and also because of uncertainty about the 
form of the distribution for these 
measurements in the patient group. A p value 
of < 005 was regarded as statistically 
significant. Results are given as means (SEM). 


Results 

All controls had normal physical findings, were 
normotensive, and had normal cardiograms. 
All the patients with peripartum heart failure 
were in gross congestive heart failure (class IV, 
New York Heart Association criteria). Tables 1 
and 2 summarise the clinical data. The patient 
group had slightly raised blood pressure on 
admission (table 1). This was transient and not 
consistent with systemic hypertension. 
Fundoscopic findings in these patients were 
also normal. In both the patients and controls 
a full blood count, urine analysis, urea, electro- 
lytes, and serum proteins were all within the 


Table 1 Clinical data (mean ( SEM)) on patients with 
pertpartum heart failure and on healthy puerperal women 





Heart 
Controls — failure p value 

Variable (n7) (n7) 
Age (yr) 28 (1 2 28 (1 NS 
Last delivery (mnth) 3(0 3(0 NS 
Par 504)  6(07 NS 
Duration of symptoms 

(mnth — 14(04) — 
Systolic blood pressure 

(mom 120(38) 140(98) NS 
Diastolic blood pressure 

(mm Hg) on 107(45 «001 
Heart rate (beats/min) 85(41) 108(4 «001 
JVP (cm) — 7(0 — 


JVP, jugular venous pressure. 


Table 2 Laboratory data (mean ( SEM) ) on controls 
and women with peripartum heart failure 


Heart 





Controls — failure p value 
(n=7) (n=7) 
Packed cell volume (%) 40(19) 38(1 9) NS 
Spot urinary sodium* 
(mmol/l) 188 (185) 89(15) <005 
Serum albumin (g/l) 43(19) 37(15) NS 
Cardiothoracic ratio — 064(003)  — 


* Treatment started before the 24 hour unne collecnon was 
completed 


Table 3 Plasma atrial natriuretic peptide, aldosterone, 
and plasma renin activity in healthy ‘al women 
and in patients with peripartum heart failure (before 
treatment) 


Heart 
Controls failure p value* 
(n7) (n7) 
Plasma ANP (pg/ml) 44 (0-8) 1469(243) «001 
Plasma aldosterone 
(pmol/l) 139-0 (15 1) 856037 «005 
PRA (ng/ml/h) 34(24) 043(024) NS 


*Non-parametric unpaired tests 
ANP, atrial natriurenc peptide; PRA, plasma renin acnvity. 
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normal range. The patients had cardiomegaly 
on chest x ray and the electrocardiogram 
showed sinus tachycardia and non-specific ST 
changes. The patients responded promptly to 
treatment with an average weight loss of 12 
(0-8) kg (admission weight 58 (1-7), discharge 
weight 46 (1-1) kg) and the disappearance of 
peripheral oedema. Dyspnoea and other symp- 
toms subsided as the jugular venous pressure 
fell to normal, implying a reduction in the 
extracellular fluid volume and in pulmonary 
venous congestion. 

Table 3 shows the plasma concentrations of 
atrial natriuretic peptide, aldosterone, and 
renin before treatment in the patients with 
peripartum cardiac failure and the controls. 
Plasma concentrations of atrial natriuretic 
peptide were significantly higher (146-9 (24 3) 
pg/ml) in the women with peripartum heart 
failure than in the controls (4:4 (0:8) pg/ml). 
After treatment for the heart failure plasma 
atrial natriuretic peptide fell considerably 
(figure). Before treatment plasma aldosterone in 
the patients was significantly lower than in the 
controls (table 3), as was plasma renin activity 
but not significantly (table 3). In the controls, 
plasma renin activity ranged from 0-12 to 3 56 
ng/ml/h, but one woman had a much higher 
value (17-93 ng/ml/h). There was no apparent 
reason for this. After treatment for heart failure 
both plasma aldosterone and plasma renin 
activity increased significantly in the women. 


200 Women with peripartum heart failure 
m 
* 
ANP (pg/ml) 100 
* 
* 


50 





PRA (ng/mi/h) 104 





Aldosterone 
(pmol/}} 








o 
Controls 0 3 7 
Days 


Plasma concentrations of atrial natriuretic peptide 
(ANP), aldosterone, and plasma renin actruity (PRA) 
in seven healthy women post partum and in seven patients 
with postpartum heart failure before (day 0) and after 
three and seven days of treatment (mean (SEM) ); 

*p < 0 05 v basal concentrations (day 0) 
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Discussion 
The exact cause of peripartum heart failure is 
yet to be identified. It occurs throughout the 
world, but is most common in the tropics and 
the tropical parts of temperate countries where 
hot and humid climatic conditions prevail. 
The high incidence in and around the northern 
Nigerian city of Zaria, especially during the hot 
and humid period of the year, has been 
attributed in part to the postpartum practice of 
salt loading and body heating in hot and humid 
rooms,” Not all of the women who carry out 
these practices develop peripartum heart 
failure, however. It is possible that renal 
handling of saltis different in those who develop 
peripartum heart failure. Urinary sodium in 
spot samples before treatment in the patients 
with peripartum heart failure were significantly 
lower than those in the controls (table 2); this 
suggests sodium and water retention. This 
resultant salt and water tcteition could cause a 
high output cardiac failure. But very little is 
known about the associated hormonal respon- 
ses. In the present study we measured plasma 
concentrations of atrial natriuretic peptide, 
aldosterone, and renin in the women who 
developed peripartum heart failure and those 
who did not have heart failure after the post- 
partum rituals. Previous studies have shown 
that plasma concentrations of atrial natriuretic 
peptide increased in healthy individuals during 
increased sodium intake’ and much increased 
concentrations were reported in patients with 
overt heart failure." In patients with heart 
failure, the high concentrations of atrial 
natriuretic peptide before treatment may, 
therefore, be a response to both the heart 
failure and to sodium retention; after correc- 
tion of the heart failure atrial natriuretic 
peptide concentrations usually return towards 
normal.’ In the patients with peripartum heart 
failure in the present study atrial natriuretic 
peptide was considerably reduced after treat- 
ment (figure). It would have been interesting to 
measure atríal natriuretic peptide during salt 
loading and heating, but this was impracticable 
because at this stage patients stayed at bome. 
Plasma concentrations of atrial natriuretic 
peptide in patients were extremely high (in 
excess of 100 pg/ml) before treatment but two 
of the seven patients had plasma concentrations 
of atrial natriuretic peptide below 100 pg/ml. 
One of these (case 6: plasma atrial natriuretic 


Adesanya, Anjorin. Sada, Parry, Sagnella, MacGregor 


peptide 59-2 pg/ml) had heated her body but 
not taken an extra salt load. The intense 
vasodilatation caused by lying on a heated bed 
in a hot and humid room, and taking very hot 
baths twice a day for 40 days may have 
increased her blood volume enough to induce 
heart failure. 

Before treatment in the patients with 
peripartum heart failure plasma aldosterone 
and plasma renin activity were within the 
normal range but were slightly lower than in 
the controls (table 3). Treatment reduced the 
plasma concentration of atrial natriuretic 
peptide and increased plasma aldosterone and 
plasma renin activity (figure). These changes 
most probably reflect the associated reduction 
in the extracellular fluid volume. Atrial 
natriuretic peptide may be one of the many 
factors that are important in the control of 
renin release? Before treatment atrial 
natriuretic peptide may have been sufficiently 
raised to contribute to the observed suppres- 
sion of renin and aldosterone. 

In conclusion, patients with peripartum 
heart failure have raised concentrations of 
plasma atrial natriuretic peptide and sup- 
pressed concentrations of plasma aldosterone 
and renin. This accords with heart failure 
induced by hypervolaemia. The heart failure 
responded rapidly to treatment and the concen- 
trations of circulating hormones were restored 
to normal. 


We thank Mr M G Buckley, Mrs M Miller, and Dr A L Sugden 
for the plasma hormone measurements. 
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Estimation of Doppler gradients at rest and 
during exercise in patients with recoarctation of 


the aorta 


Dag Teien, Hans Wendel, Sonja Holm, Márten Hallberg 


Abstract 

In patients with suspected recoarctation 
of the aorta the estimation of the pres- 
sure difference between the arms and legs 
is an important part of the examination. 
Because this difference is often augmen- 
ted when the circulation is stressed by 
exercise, exercise tests are a useful part 
of the evaluation. Doppler echocar- 
diography was used to estimate this 
pressure difference in 16 adult patients in 
whom simultaneous pressure and Dop- 
pler recordings were made both at rest 
and during exercise. There was a close 
correlation between the invasive peak 
instantaneous gradient and the Doppler 
gradient both at rest and during exer- 
cise. There was only a moderate correla- 
tion between the invasive peak to peak 
gradient and the Doppler gradient at 
rest and during exercise. 

Doppler echocardiography is recom- 
mended as an easy and accurate method 
of estimating the peak instantaneous 
gradient both at rest and during exercise 
in patients with suspected recoarctation. 


In patients operated upon for coarctation of 
the aorta a good repair results 1n normal blood 
pressure and no significant aortic obstruction 
shown by angiography or magnetic resonance 
imaging.'? Frequently, however, patients have 
near normal blood pressure at rest that 
becomes abnormal during exercise. Whether 
or not this is always the result of a recoarcta- 
tion is debatable.^* The increased flow during 
exercise is expected to unmask an obstruction 
that may not be evident at rest, and an exer- 
cise test is often included in the follow up 
examination of these patients.>? When 
patients are studied during exercise, blood 
pressure is usually recorded immediately after 
exercise by two blood pressure cuffs at the 
wrists and ankles and the pressure difference is 
derived from these measurements. 

Though several studies have reported 
acceptable correlation between gradients 
measured invasively and by Doppler echocar- 
diography in these patients," most have 
dealt with a mixture of native coarctations and 
recoarctations?!!  gnd few have examined 
pressure differences measured simultaneously 
by catheterisation and Doppler echocar- 
diography. The inclusion of preobstruction 
velocities in the calculation of the Doppler 
gradient by the modified Bernoulli equation is 
controversial?! * as is the existence of a sig- 


nificant difference between peak instantaneous 
gradients and peak to peak gradients in these 
patients.® 

Our study examined the use of Doppler 
echocardiography to estimate gradients at rest 
and during exercise in an homogeneous group 
of patients with suspected recoarctation and 
we performed the invasive and non-invasive 
measurements simultaneously. 


Patients and methods 

PATIENTS 

We examined a consecutive series of 16 adult 
patients (three women and 13 men) with a 
mean age of 30 years (20-55 years). All of 
them had had resection and end-to-end ana- 
stomosis of their lesions. 


METHODS 

Invaswe studies 

Pressures were recorded with fluid filled cath- 
eters connected to mechanico-electrical trans- 
ducers interfaced with an ultraviolet strip 
chart recorder and calibrated against a 
hydrostatic standard. In eight patients a pull 
back procedure was performed and the 
proximal and distal pressure recordings were 
superimposed with close matching of RR 
intervals of similar duration. In eight patients 
a dual catheter technique was used whereby 
the two catheters were positioned immediately 
proximal and distal to the recoarctation. The 
pressures, peak instantaneous gradients, and 
peak to peak gradients of 3-5 beats were 
averaged. 


Non-invasive studies 

The aortic arch was examined with pulsed and 
continuous wave Doppler on a Vingmed's 
CFM 700 or 750. The velocities in the ascen- 
ding aorta were recorded with pulsed Doppler 
echocardiography and the coarctation jet was 
recorded with a 2 MHz non-imaging trans- 
ducer positioned in the suprasternal notch. 

The Doppler gradient were calculated 
according to the simplified Bernoulli equa- 
tion’: p = 4(V3 — VD, where p = gradient 
(mm Hg), V, = ascending aortic velocity 
(m/s), and V, = coarctation jet velocity (m/s). 
The average values of 23-5 beats were 
estimated. 

All patients were examined at rest and dur- 
ing supine exercise in the catheterisation 
laboratory. When a satisfactory position of the 
Doppler probe was achieved Doppler 
velocities and invasively measured pressures 
and gradients were recorded simultaneously. 
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Non-invasively measured ( 
instantaneous and peak to 


pler) gradients (mm Hg) and invasively measured peak 
gradients at rest and during exercise 











Rest Exercise 
Invasroe i Invastve Invasive 
peak inst peak to peak D peak inst peak to peak 

Cass gr gradient gradent ar 

1 25 21 16 62 73 64 

2 49 40 6 92 92 60 

3 19 20 20 44 72 72 

4 12 16 0 34 52 48 

5 27 44 20 37 48 26 

6 12 16 0 27 32 28 

7 41 48 42 85 76 68 

8 28 34 16 51 66 58 

9 12 9 8 20 21 20 
10 20 22 8 56 76 14 
11 20 32 23 41 64 52 
12 9 20 4 22 24 20 
13 7 8 2 31 44 36 
14 53 46 36 92 88 76 
15 18 39 22 37 52 38 
16 21 28 12 44 42 20 

Interobserver variability 


The last 10 patients were examined by two 
experienced examiners. The differences be- 
tween the two observers were calculated. 


STATISTICAL ANALYSIS 

Correlation and linear regression analysis 
were used to compare non-invasively and 
invasively measured pressure drops. 
Agreement between the methods was assessed 
by the method of Bland and Altman." 


Results 

The table shows the invasively and non- 
invasively measured results. The correlation 
between invasive peak instantaneous gradients 
and Doppler gradients at rest and during 
exercise was 0:92 (SD = 9mm Hg) (n 
2 x 16). There was a good agreement between 
the Doppler estimated gradient and the 
invasively measured peak instantaneous 
gradient (fig 1) and between the Doppler 
gradient and the invasively measured peak to 
peak gradient (fig 2). Figure 3 shows the pres- 
sure recordings of patient 14 at rest and 
emphasises the difference between peak instan- 
taneous and peak to peak gradients in these 
patients. 
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Figurel Difference between the Doppler gradient and 
the invasively measured peak instantaneous gradient 
plotted agasnst the mean of both methods. Open symbols 
are results recorded at rest and solid symbols the results 
during exercise. One open symbol represents the results of 
two patients. 
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Figure 2. Difference between the Doppler gradient and 
the invasively measured peak to peak gradient plotted 
against the mean of both methods. Open symbols are 
results recorded at rest and solid symbols the results 
during exercise. One open symbol represents the results of 
two patients. 


'The mean difference in calculated gradient 
between the two observers was 1:3 mm Hg (0-3 
mm Hg) at rest and 3-3 mm Hg (1-5 mm Hg) 
during exercise. 


Discussion 

We showed that it is possible to estimate the 
gradient across the coarctation site by Doppler 
cardiography even during exercise. The 
method is easy to perform and certainly far 
more simple than the use of two blood pressure 
cuffs. It has also the advantage over the cuff 
method that tke gradient is estimated during 
exercise and not subsequently within a variable 
time interval. We believe that this is an impor- 
tant point; it will be addressed in a later study. 
Our results alsc showed the closest correlations 
between the Doppler gradients and the 
invasive peak instantaneous gradients. This 
finding is expected from findings in patients 
with aortic stenosis." 

Thereare frequently considerable differences 
between the Doppler gradient and the 
invasively measured peak to peak gradient 
(table). At least three factors will tend to give a 
Doppler gradient larger than the invasive peak 
to peak gradient: (a) the difference between peak 
instantaneous and peak to peak gradient as 
shown in fig 3; (6) if the velocities proximal to 
the obstruction are not subtracted this will 
magnify the Doppler gradient; and (c) the effect 
of pressure recovery distal to the obstruction! 
will influence the results. A small angle error 
almost always affects Doppler echocardiogra- 
phy and when this is significant the Doppler 
technique will underestimate the peak instan- 
taneous gradient. We believe this explains why 
the Doppler gradient was less than the peak to 
peak gradient in some of our patients. Our 
Doppler results showed larger gradients than 
the invasive peak to peak gradient in most 
patients. 

Simultaneous invasive and non-invasive 
measurements are important for the compari- 
son of gradients in these patients with varying 
numbers and sizes of collateral vessels where 
therelation between flow, gradients, and degree 
of obstruction is more complicated than when 
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Figure 3 Typical 
recording of proximal and 
distal pressures showing 
the difference between peak 
instantaneous and peak to 
peak gradient. 












1 

I 
Peak instantaneous 
3 


there is a valve lesion. It was not the purpose of 
this study to determine the clinical implications 
of the measurd pressure drops and their rela- 
tion to anatomical obstruction. We found that 
even during exercise reliable Doppler-derived 
gradients can be recorded with low inter- 
observer variability. 
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Two cases of left superior vena cava draining 
directly to a left atrium with a normal coronary 


sinus 


Henry B Wiles 


Abstract 

The most common variation in the 
thoracic systemic venous system is a 
persistent left superior vena cava 
draining to a coronary sinus. A rare 
anomaly is a persistent left superior 
vena cava connecting directly to the left 
atrium. In this situation it is believed 
that the coronary sinus must be absent. 
This report describes two cases of a 
persistent left superior vena cava 
draining to a left atrium with a normal 
coronary sinus. 


The embryological development of systemic 
and pulmonary veins is complex and subject 
to considerable variation. The early, 
symmetrical cardinal veins ultimately give rise 
to the superior systemic venous channels 
while the splanchnic plexus of the foregut 
gives rise to the pulmonary venous channels. 
Most of the left sided cardinal system 
disappears, leaving only the coronary sinus to 
drain the cardiac veins and a remnant known 
as the ligament of Marshall. Many variations 
and abnormalities of venous development 
have been described." One variation is the 
persistence of a left superior vena cava,‘ which 
usually drains into the coronary sinus. A rare 
abnormality is the presence of a persistent left 
superior vena cava draining directly into the 
left atrium.^^ It is often stated that a persistent 
left superior vena cava draining into the left 
atrium is associated with an absent coronary 
sinus. We describe two patients in whom a 
persistent left superior vena cava draining to 
the left atrium was associated with a normal 
coronary sinus. 


Case reports 

CASE 1 

A two year old child with tetralogy of Fallot 
had cardiac catheterisation before elective 
surgical repair. His clinical course was 
unremarkable except for slowly progressive 
cyanosis. Haemodynamic evaluation during 
catheterisation showed an  unrestrictive 
ventricular septal defect (right and left 
ventricular peak pressures 90 mm Hg), 
infundibular and pulmonary valve stenosis 
(main pulmonary artery peak pressure 12 mm 
Hg), and unobstructed left ventricular outflow 
(right femoral artery peak pressure 110 mm 
Hg). Oximetry did not show a left to right 
shunt (mixed venous 71% and main 
pulmonary artery 69%). There was right to 


left shunting at both the atrial and ventricular 
levels (pulmonary vein 96%, left atrium 93%, 
left ventricle 93%, and femoral artery 86%). 

Both  catheterisation and angiography 
showed a persistent left superior vena cava 
connected to the roof of the left atrium (fig 1). 
The left superior vena cava ran in front of the 
left pulmonary artery and was connected to 
the normal left innominate vein at its junction 
with the left subclavian vein. There was also a 
normal right superior vena cava and a patent 
foramen ovale. The catheter passed antero- 
gradely from the left superior vena cava into 
the left atrium as well as retrogradely from the 
left atrium into the left superior vena cava. 
The catheter also passed from the right atrium 
into the coronary sinus, which did not 
communicate with any systemic vein except 
the cardiac veins (fig 2). The pulmonary veins 
were connected to the left atrium. 


CASE 2 

A nine month old infant had a complete 
atrioventricular canal, pulmonary hyper- 
tension, and failed to thrive. He underwent 
cardiac catheterisation before pulmonary 
artery banding. At catheterisation the right 
and left ventricular peak pressures were equal 
(70 mm Hg). Oxygen saturation data 
measured by oximetry showed a left to right 
shunt at the atrial and ventricular levels 
(mixed venous 63%, right atrium 81%, right 
ventricle 85%, and main pulmonary artery 





Angiogram showing the connection of the 
persistent left superior vena cava (LSVC) to the roof of 
the left atrium (LA). The catheter passed from the right 
atrium through the right superior vena cava and left 
innominate vein (Inn) into the left superior vena cava. 


Figure 1 


Figure 2 
coronary sinus (CS) is separate from the left superior 
vena cava (see fig 1). The catheter course ts inferior vena 
cava, right atrium, patent foramen ovale, left atrium, left 
superior vena cava, innominate vein, right superior vena 
cava, right atrium, and mouth of the coronary sinus. 


Angiogram showing that the normally formed 


85%). Data were not collected to document 
the degree of right to left shunting. 
Angiography and the catheter course 
showed a persistent left superior vena cava 
connected to the roof of the left atrium. This 
vein ran in front of the left pulmonary artery 
and was connected to the left subclavian vein. 


nsve LSVC ^ 
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Figure 3 A theory to explain the association between a persistent left superior vena cava ( LSV( 
anormal coronary sinus. (A) The left superior vena cava retains a communication with the left atrium 

while the coronary sinus develops normally. ( B) If this communication persists and the left superior vena 
regress, then both a left superior vena cava to left atrium and coronary sinus can exist together. LA, left 

RA, right atrium; RSVC, right superior vena cava; LSVC, left superior vena cava; IVC, inferior ven 
CS, coronary sinus. ( Adapted from Lucas RV. Anomalous venous connections, pulmonary and systemic 
FH, Emmanouilides GC, eds. Moss’ heart disease in infants, children, and adolescents. 3rd ed. Baltimore 


and Wilkins, 1983:483.) 





Two cases of left superior vena cava draining directly to a left atrium with a normal coronary sinus 


There was no bridging left innominate 
The pulmonary veins entered the left atriur 
as normal. 


The postoperative course was complicat 
and the patient died 27 days after operatior 
At necropsy the findings at catheterisatior 





were confirmed: complete atrioventricul 

canal and a persistent left superior vena 

to the left atrium. In addition norm 

coronary sinus was found with norma 
connection to the right atrium. This corona 

sinus was not connected to any systemic 


other than the cardiac veins 


Discussion 
Embryological development of the systemi 
veins involves the umbilical, 
cardinal venous systems. The anterior and 
posterior cardinal veins join to form the righ 
and left common cardinal veins which empt 
into the sinus horns and then into the } 
atria. Invagination of the sinus horns, whicl 
causes both the common cardinal veins t 
empty into the right atrium, and obliter 
the anterior cardinal vein leaves the 


vitelline, and 





tion of 


norma 
coronary sinus, with absence of the left 
superior vena cava, as found in the mature 


heart. Many variations and abnormalities of 
this development have been reported. The 
most common thoracic venous abnormality ts 
the persistent left superior vena cava draining 
into the coronary sinus as reported in 3-10% of 
patients with congenital heart disease 
variation in isolation results 
dynamic compromise. A 
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abnormality is the persistence of a left superior 
vena cava connecting directly to the left atrium. 
This anomaly was found in about 7:5% of-cases 
of persistent left superior vena cava,” and it 
results in a small right to left shunt. This 
lesion has little haemodynamic effect, mainly a 
variable degree of systemic cyanosis." 

Various workers believe that the 
embryological anomaly of the left superior vena 
cava connecting into the left atrium cannot 
exist with a normal coronary sinus.5'!! 
Presumably a left superior vena cava is 
produced when the left common cardinal vein 
and the left sinus horn are incorporated into the 
right atrium during invagination of the sinus 
horns and the left atrium. Failure of this 
invagination allows the left superior vena cava 
to remain connected to the left atrium and 
makes development of the coronary sinus 
impossible (fig 3). If this were true then an atrial 
septal defect of the coronary sinus type should 
be present in every case. This finding is not 
present in all reported cases. 

Edwards and DuShane described one 
patient who had a connection to the left atrium, 
pulmonary veins, and systemic veins via a 
*levoatriocardinal vein”.’ This patient had 
mitral atresia with a closed foramen ovale. 
Presumably in this patient this vein carried 
pulmonary venous blood away from the left 
atrium. Lucas et al described a similar case of 
severe left atrial obstruction with a 
*levoatriocardinal vein" draining pulmonary 
venous return." Anomalies of pulmonary 
venous connections often involve veins connec- 
ting the common pulmonary confluence with 
the left innominate vein. These connecting 
veins have often been termed "'vertical veins" 
and are not considered to be a truly persistent 
left superior vena cava.’ ? 

Mantini et a] described anomalies of the 
coronary sinus, including connection to the left 
atrium and pulmonary veins.'* One patient had 
atresia of the mouth of the coronary sinus with 
the distal end of the coronary sinus connected 
to the left atrium in association with a left 
superior vena cava that was also connected to 
the left atrium. When a portion of the atrial wall 
near the mouth of the coronary sinus is missing 
(coronary sinus atrial septal defect) or when the 
coronary sinus is **unroofed" there is usually a 
communication between the coronary sinus 
and left atrium. 

We report two patients with a truly persis- 
tent left superior vena cava connected directly 
to the left atrium in association with a normally 
formed coronary sinus. These systemic veins 
were regarded as true left superior venae cavae 
because they connected to the roof of the left 
atrium, did not connect to or drain the 
pulmonary veins, passed in front of the left 
pulmonary artery and aortic arch, and connec- 
ted to the left innominate vein or left subclavian 
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vein in this instance without a left innominate 
vein. “Vertical veins" and “levoatriocardinal 
veins" do not have these characteristics. In 
addition, the coronary sinus was clearly seen by 
either angiography or direct visualisation. 
Figure 3 shows a theory to explain this asso- 
ciation of left superior vena cava with left 
atrium and normal coronary sinus. À connec- 
tion between the left cardinal vein and left 
atrium remains (similar to an unroofed coron- 
ary sinus) while the distal coronary sinus 
develops normally. The left superior vena cava 
retains this connection to the left atrium but 
loses its connection to the coronary sinus. 
There is no obvious reason for the coronary 
sinus to become involved when the left com- 
mon cardinal vein retains a connection with the 
left atrium. ` 

This report shows the association between 
the rare anomaly of a persistent left superior 
vena cava to left atrium and a normal coronary 
sinus. Both patients described had other 
cardiac malformations requiring catheterisa- 
tion which showed the additional venous 
abnormality. We do not know whether this rare 
association ever occurs without other intracar- 
diac malformations. The haemodynamic 
results of a small right to left shunt in such a 
situation are unlikely to be noticeable. 
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Aortic-ventricular tunnel in a neonate: diagnosis 
and management based on cross sectional and 
colour Doppler ultrasonography 


N Sreeram, R Franks, K Walsh 


Abstract 

A five day old symptom free neonate was 
referred for assessment of a to and fro 
murmur associated with large volume 
pulses. Cross sectional echocardiography 
and colour flow mapping confirmed 
the diagnosis of an aortic-ventricular 
tunnel with forward flow into the aorta 
and regurgitant flow into the ventricle 
through both the tunnel and the dilated 
aortic valve ring. Surgical correction by 
patch closure of the aortic end of the 
tunnel was successfully undertaken two 
weeks later without any additional in- 
vestigations. Postoperative echocardio- 
graphy and colour flow imaging showed 
no aortic regurgitation and normal left 
ventricular dimensions and function. 


An aortic-ventricular tunnel is a rare con- 
genital malformation that presents with 
clinical signs of aortic regurgitation and may 
produce cardiac failure in infancy. There are a 
few reports of successful diagnosis by cross 
sectional and Doppler ultrasound and the 
diagnosis has been based mainly on the 
demonstration of the tunnel by aortic root 
angiography.’ It may, however, be difficult to 
show the intracardiac portion of the tunnel, 
particularly when there is gross distortion of 
the left ventricular outflow tract. In addition, 
angiography is not without risks in the sick 
neonate. We describe a neonate in whom the 
diagnosis of an aortic-ventricular tunnel was 


Figure 1( A) 


confirmed by cross sectional echocardiography 
with Doppler colour flow imaging, and 
successful surgical repair was undertaken 
the basis of these investigations alone 


Case report 

A five day old female infant weighing 2-7 kg 
was referred for the assessment of a to 
murmur that had been 
examination after an uncomplicated vagina 
delivery. At examination she was symptor 
free but had bounding pulses associated wit 
an ejection systolic and early diastolic murm 
grade III that was best heard third 
intercostal space at the left sternal edge. T! 
chest x ray showed cardiomegaly 
thoracic ratio 0-68) with a widened medi 
stinal shadow; the electrocardiogram showe 
left ventricular hypertrophy with non-specif 
changes in the ST segment and T wav 
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noted at rout 
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ECHOCARDIOGRAPHY 

Cross sectional echocardiography showed 
dilated left ventricle with concentric hype: 
trophy but good contractility. In the para 
sternal long axis view a tunnel could be seer 
arising from the region of the right aort 
sinus and passing between the aortic valve and 
the outlet portion of the ventricular septum t 





terminate in the left ventricle (fig 1A). Para 
sternal short axis scans at the level of th 
aortic root showed the relation of the tunnel t 
the right aortic sinus and coronary artery (fig 
1B). The aortic valve had three cusps of equa 





Cross sectional echocardiogram in the parasternal long axis view showing the entire extent of the tunnel 





between the aorta and left ventricle. AO, aorta; LA, left atrium; LV, left ventricle; R, right ventricular outflot 
T, tunnel. ( B) Cross sectional echocardiogram in the parasternal short axis view at the level of the aort t showing 
the relation of the tunnel to the right coronary artery (arrow) and coronary sinus. AO, aorta; LA, left atrium 


PA, pulmonary artery; T, tunnel. 





Figure 2 Doppler colour flow imaging in the parasternal long axis view. Forward flow 
through both the aortic valve (double arrows) and the tunnel ( single arrow) are shown 
in this systolic frame. Regurgitation through both the tunnel and the dilated valve ring 
was seen in diastole. AO, aorta; LA, left atrium; LV, left ventricle; S, interventricular 
septum; T, tunnel. 


size and seemed to open normally. The origins 
of both coronary arteries were shown and 
were normal. Colour flow mapping confirmed 
unobstructed to and fro flow through the 
tunnel (fig 2). In addition, there was also 
central aortic valve regurgitation caused by a 
dilated aortic valve ring. The patient was 
initially treated with digoxin and diuretics but 
at review two weeks later she had signs of 
heart failure. Repeat echocardiography 
showed further dilatation of the left ventricle 
with impaired function. Urgent surgical 
repair was therefore undertaken. 

At operation the aortic valve was between 8 
and 9 mm in diameter. The aortic end of the 
tunnel was apparent as a dilatation of 5 mm in 
diameter in the aortic root to the left of the 
origin of the right coronary artery. The aortic 
end of the tunnel was closed with a small 
Gore-tex patch and tension or distortion of 
the sinus and aortic valve leaflets was avoided. 
The postoperative course was uncomplicated 
and the patient was discharged 10 days after 
operation. On examination at discharge she 
had normal volume pulses. A soft ejection 
systolic murmur could be heard along the left 
sternal edge. There were no diastolic 
murmurs, and echocardiography confirmed 
good left ventricular function. Colour flow 
imaging showed that there was no aortic re- 
gurgitation either through the tunnel or the 
aortic valve. The blind ended intraventricular 
portion of the tunnel could be seen to fill in 
systole and collapse in diastole. Normal peak 
systolic velocities of flow across the aortic 
valve were recorded with pulsed wave 
Doppler. 

Two months after operation the clinical and 
echocardiographic findings were unchanged. 
The electrocardiogram showed regression of 
the left ventricular voltages associated with a 
decrease in the cardiothoracic ratio (0:6) on 
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the chest x ray. All treatment for heart failure 
had been stopped. 


Discussion 

A tunnel between the aorta and left ventricle 
is a rare malformation in which a communi- 
cation between the aorta and the left ventricle 
bypasses the aortic valve. The lesion typically 
presents with a to and fro murmur and has to 
be considered whenever isolated aortic re- 
gurgitation is suspected in infancy. The 
natural course depends upon the degree of 
aortic regurgitation. In general, there is 
progressive heart failure and the patient dies if 
surgical intervention is not undertaken,‘ 
though the occasional patient has survived to 
adult life apparently free of symptoms. While 
the immediate results of surgery have been 
good, long term follow up of patients treated 
surgically seems to show that a considerable 
proportion of patients have persistent aortic 
valve regurgitation after closure of the tunnel 
and require further surgery.” Most patients 
with persistent aortic valve regurgitation, 
however, are older at operation and by then 
there is considerable dilatation of the aortic 
root and distortion of the aortic valve 
apparatus caused both by left ventricular 
dilatation and longstanding high velocity 
turbulent flow through the tunnel. In contrast, 
in the only report on long term follow up after 
operation in infancy, no aortic regurgitation 
was seen five years after operation, despite 
persistence of the blind ended intramural 
portion of the tunnel Early repair of the 
lesion is therefore indicated, even when there 
are no symptoms. The onset of cardiac failure 
two weeks after initial diagnosis in this 
previously well infant shows the 
unpredictable clinical course. 

Colour Doppler flow mapping was useful in 
identifying and distinguishing regurgitation 
through both the tunnel and the aortic valve, 
which angiography often fails to do. The 
combination of colour Doppler flow mapping 
and high resolution cross sectional imaging 
should reliably identify most coexisting 
defects. This technique is also useful for serial 
non-invasive follow up assessment of left 
ventricular and aortic valve function. Such 
studies of a larger series of patients operated 
on in infancy are needed to determine whether 
early operation reduces the frequency of aortic 
valve regurgitation and resultant morbidity. 

| Fripp RR, Werner JC, Whitman V, Nordenberg A, Wald- 
hausen JA. Pulsed Doppler and two-dimensional echocar- 
diographic findings in aortico-left ventricular tunnel. J 


Am Coll Cardiol 1984;4:1012-4 
2 Hucin B, Horvath P, Skovranek J, Reich O, Samanek M 


Correction of aortico-left ventricular tunnel during the 
first day of life. Ann Thorac Surg 1989;47:234-6 
3 Somerville J, English T, Ross DN. Aorto-left ventricular 


tunnel. Clinical features and surgical management. Br 
Heart J 1974;36:321-8 

4 Levy MJ, Schachner A, Blieden LC. Aortico-left ventricular 
tunnel: collective review. J Thorac Cardiovasc Surg 1982; 


$4:102-9 
5 Serino W, Andrade JL, Ross D, de Leval M, Somerville J 
Aorto-left ventricular communication after closure. Late 


postoperative problems. Br Heart J 1983;49 501-6 
6 Bjork V, Eklof O, Wallgren G, Zetterqvist P. Successful 


surgical treatment of an aortico-left ventricular tunnel in a 
four-month old infant. J Thorac Cardiovasc Surg 1979; 
78:35-8 


Br Heart J 1991365:163-5 


St Mary's Hospital, 
London 

ME Speechly-Dick 
S J Middleton 

R A Foale 


163 


Impending paradoxical embolism: a rare but 


important diagnosis 


M E Speechly-Dick, S J Middleton, R A Foale 


Abstract ! 

A man aged 50 presented with a history 
of a cerebrovascular accident and 
arterial embolism at two discrete peri- 
pheral sites. Echocardiography showed 
thrombus trapped in an interatrial site 


, and impending paradoxical embolism 


was diagnosed. Treatment with heparin 
was started and the potentially embolic 
intracardiac material was removed at 
open heart surgery. The patient was 
treated with warfarin and made a good 
recovery. This is only the third case 
report of impending paradoxical embol- 
ism diagnosed in life. 


Impending paradoxical embolism is rarely 
diagnosed in life. Two previous cases have 
been reported; one was diagnosed with trans- 
oesophageal echocardiography and the other 
by conventional cross sectional contrast 
echocardiography.'? In both cases the impen- 
ding embolus was trapped in an interatrial 
site. Criteria for the anatomical diagnosis were 
established by Johnson before the introduc- 
tion of echocardiography.’ According to these 
criteria the diagnosis should be made only 
when embolic material can be shown at 
angiography straddling the site of the left to 
right shunt about the time of systemic embol- 
isation. Johnson, however, also described how 
a paradoxical embolism could be provisionally 
diagnosed in the absence of either embolic 
material straddling the atrial septum or a 
thrombus seen in the venous system, or the 
demonstration of an abnormal communication 
between the right and left circulations. These 
criteria were clinical, angiographic, or path- 
ological evidence of systemic embolism 
together with evidence of a favourable pres- 
sure gradient for blood flow from the right to 
left side of the heart. We report a third case of 
impending paradoxical embolism which illus- 
trates both the variety of the condition and 
also how easily the diagnosis of paradoxical 
embolism can be overlooked despite an 
apparently adequate investigation. 


Case report 

A 50 year old West Indian man was trans- 
ferred from another hospital where he had 
been an inpatient for one month after his 
emergency admission with a cerebrovascular 
accident. Five days before this admission he 
had' presented to an accident and emergency 
department with a pulseless, cold left foot; 


this resolved within 24 hours. The day before 
his admission he had been seen again at a 
second accident and emergency department 
with amaurosis fugax and an outpatient 
appointment had been arranged. He was even- 
tually admitted as an emergency after the 
development of what was on clinical grounds a 
large right cerebral infarct in the territory of 
the middle cerebral artery, with midline shift 
and oedema confirmed on tbe computed 
tomogram. 

'This patient's past medical history included 
longstanding pulmonary sarcoid, hyperten- 
sion, and left ventricular failure. He had 
smoked heavily until six years before admis- 
sion. At admission he was taking captopril (25 
mg), frumil (amiloride hydrochloride (5 mg) 
and frusemide (40 mg)), and enteric coated 
prednisolone (20 mg) once a day and was 
using salbutamol and ipratropium nebulisers. 
There was nothing else of note in his history. 
Echocardiography was performed two days 
after admission to exclude a cardiac source of 
his multiple emboli. This echocardiogram was 
technically unsatisfactory but was reported to 
be normal except for the possibility of a small 
abnormality in the atrial septum, which was of 
uncertain clinical importance. His clinical 
course remained uneventful and he was 
treated with a reducing dose of steroids, sub- 
cutaneous heparin, and physiotherapy. 

Echocardiography was repeated after four 
weeks and on this occasion showed an 
intracardiac mass extending from the left to 
the right atrium via an atrial septal defect. He 
was then transferred to our hospital for 
further assessment. Repeat echocardiography 
confirmed the presence of the intracardiac 
masses (figure). The appearance of the mass 
was consistent with thrombus. It clearly 
straddled the interatrial septum and was 
highly mobile within both atria; during dias- 
tole it prolapsed through both atrioventricular 
valves. Heparin treatment was started and the 
next day the patient underwent open heart 
surgery with cardiopulmonary bypass. Organ- 
ised thrombi were removed from both atria 
and the stretched foramen ovale was closed. 
These intracardiac masses were confirmed to 
be thrombi on histological examination and 
were sterile on culture. Because they looked 
like venous casts, it seemed likely that they 
had originated in the deep veins of the legs. 
The patient made an uneventful postoperative 
recovery. He continues to be treated with 
warfarin, which was started postoperatively, 
and with rehabilitation his mobility and 
independence are improving. 
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A subcostal four chamber 
echocardiogram showing a 
mobile thrombus straddling 
the interatrial septum and 
lying within left and 

right atria. IVS, 
interventricular septum; 
LA, left atrium; LV, left 
ventricle; RA, right 
atrium; RV, right 
ventricle. 
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Discussion 

Paradoxical embolism is a well recognised 
complication of a right to left communication 
which is usually diagnosed at necropsy. We 


know of 37 reported cases! ^*^ of which only 


two were diagnosed in life. A deep venous 
thrombosis can give rise to pulmonary emboli 
which cause an increase in right atrial pressure. 
If there is a primitive communication between 
the atria, for example a frank atrial septal defect 
or incompletely fused fossa ovalis, the rise in 
right atrial pressure allows thrombus to cross 
into the systemic circulation and may give rise 
to paradoxical arterial embolisation. 

A review of the features surrounding the 
event of paradoxical embolism showed that 
60% of paradoxical emboli occur at the onset of 
symptoms of pulmonary embolism, probably 
because the resultant increase in right atrial 
pressure opens the unfused fossa ovalis and 
therefore the right to left shunt. Fifteen per 
cent of paradoxical emboli seem to occur 
during a manoeuvre that raises right heart 
pressure and 5% occur against a background of 
chronically raised right heart pressure.'" A 
necropsy review by Loscalzo of 30 patients 
with paradoxical embolism showed that most 
had a patent foramen ovale, a relatively 
common anatomical abnormality; in only a few 
was the right to left shunt caused by an atrial 
septal defect. This reported incidence of a 
patent foramen ovale was confirmed by other 
reports.’’ About a third of Loscalzo's patients 
had two or more defined embolic sites as did our 
patient; in 37% of patients these were primarily 
cerebral. 

We diagnosed impending paradoxical 
embolism in our patient on the basis of John- 
son’s original criteria but with conventional 
echocardiography as the imaging method. 
Subtle interatrial connections are better visual- 
ised by transoesophageal echocardiography.’ " 
None the less, the potential for a right to left 
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shunt can be demonstrated by contrast 
echocardiography and manoeuvres that raise 
right sided pressures (such as the Valsalva 
manoeuvre). 

Patients with systemic emboli and a clot in 
the right atrium shown by conventional 
echocardiography are at a high risk of paradox- 
ical embolism developing and require urgent 
treatment. In our patient echocardiography 
showed a thrombus straddling an interatrial 
communication and review of the echocar- 
diographic data suggested that this thrombus 
was present at the time of first echocardio- 
graphic examination and that it gave rise to the 
patient’s systemic emboli. 

In two groups of patients the likelihood of 
paradoxical emboli is high: (a) those who have 
venous thrombosis or pulmonary embolism 
associated with systemic arterial embolisation; 
and (o) those with arterial embolisation with no 
obvicus evidence of a left sided cardiac source. 
Patients in either of these groups should be 
investigated with cross sectional contrast 
echocardiography; if this does not detect a right 
to left shunt, transoesophageal contrast echo- 
cardiography should be used. The aetiology of 
the embolus in embolic stroke is undetermined 
in approximately 36% of patients’; a consider- 
able proportion of these may be a consequence 
of paradoxical embolisation. 

When a paradoxical embolism is diagnosed, 


measures should be taken to prevent a 
recurrence. Treatment has included 
anticoagulation! ^* " to prevent the formation 


of further venous emboli, interruption of the 
inferior vena cava," and surgery to close the 
right to left shunt and remove intracardiac 
thrombus. In our patient we elected to 
remove the potentially embolic intracardiac 
material at open heart surgery on cardio- 
pulmonary bypass and to close the patent 
foramen ovale. Obviously we cannot compare 
these treatments but a review of published 
reports suggests the following treatment 
strategies. All patients should be 
anticoagulated unless this is contraindicated— 
for example, by a haemorrhagic cerebrovas- 
cular accident. The optimum length of time of 
anticoagulation is not known but should be 
indetinite if there is an underlying untreated 
cause of venous thrombosis. Peripheral emboli 
should be treated by embolectomy or throm- 
bolysis as indicated. Ligation of the vena cava 
cannot be recommended because of consider- 
able mortality and high recurrence rates." The 
cardiac defect is most commonly a patent 
foramen ovale, which should remain closed 
when the right atrial and other right heart 
pressures are normal; under these circum- 
stances surgical correction is not indicated for 
paradoxical embolism. 

Peradoxical embolism may be more common 
than is currently thought." The diagnosis 
should be considered whenever arterial embol- 
isation has no obvious cause. Echocardiogra- 
phy should be performed to determine whether 
a right to left shunt is present, and venous 
thrombosis should be excluded. Correct diag- 
nosis allows prompt treatment to be given and 
may prevent further catastrophic emboli. 
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PLANTS IN CARDIOLOGY 





Hordeum vulgare L. Bentley R, Trimen H. Medicinal 
plants. Vol 4. London: Churchill, 1880:293. 


Lignocaine 

In 1932 Professor Hans von Euler pioneered a 
new concept when he sought chemical differen- 
ces between genetically different types of plant. 
For his first study he chose a chlorophyll 
defective mutant of barley, Hordeum vulgare, 
and isolated a compound C H, N, which was 
not present in normal barley, or in other green 
plants that he tested. He called the compound 
gramine after the plant's family Gramineae and 
he thought that it was 2-(dimethylamino- 
methyl)-indole. But when his assistant Holger 
Erdtman synthesised this compound in 1935 it 
proved to be isogramine not gramine, which is 
3-(dimethylaminomethy!)~indole. When Erdt- 
man tasted the isogramine he found that it 
anaesthetised his tongue which gramine did 
not. But isogramine was too irritant to use as a 
local anaesthetic and although Erdtman and 
Nils Lofgren with the support of Astra synth- 
esised several analogues they also could not be 
used clinically. 

The work then stopped for some years but 
Lofgren later resumed the project, again w 
Astra’s support and in 1943 he produc 
Xylocaine, which after extensive testing was 
marketed in 1948. Its generic names are ligno- 
caine and lidocaine. 

Gramine was, however, also isolated by 
Russian workers in 1935 from the great r 
Arundo donax L. This plant claimed attention 
because camels refused to eat it because of its 
bitter taste. 
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Figure | Coronary 
angiograms (A and B) of 
the left coronary artery 
before percutaneous 
transluminal coronary 
angioplasty, showing the 
first septal branch ( arrozw 
on B) originating from the 
left anterior descending 
coronary artery. Coronary 
angiograms of the left 
coronary artery after 
angioplasty ( C and D 
showing successful 
dilatation of the stenotic 
lesions in the left anterior 
descending coronary artery 
and diagonal branch and 
accidental occlusion of the 
first septal branch. A and 
C, right anterior oblique 
view,’ B and D, left 


superior oblique view. 
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Electrocardiographic findings in a patient with 


pure septal infarction 


Akira Tamura, Hajime Kataoka, Yoshiaki Mikuriya 


Abstract 

The electrocardiogram in a 65 year old 
man in whom pure septal infarction had 
been produced by occlusion of the septal 
branch during percutaneous trans- 
luminal coronary angioplasty showed 
that this had led to the disappearance of 
septal Q waves and reciprocal ST seg- 
ment depression in the inferior leads. 


There are two published reports of pure septal 
infarction but neither gives detailed elec- 
trocardiographic data.' We report on the 
electrocardiographic changes produced by 
pure septal infarction in a patient whose large 
septal branch was accidentally occluded dur- 
ing percutaneous transluminal coronary 
angioplasty. 


Case report 

A 65 year old man was admitted to our hosp- 
ital with exercise induced angina. On admis- 
sion, physical examination, chest radiograph, 
and electrocardiograms (both at rest and after 
a Master two-step test) were normal. An 
echocardiogram showed normal wall motion 
in the interventricular septum and slightly 
reduced motion in the left ventricular 
anterolateral wall. 


Coronary angiography showed no significant 
narrowing of the left circumflex or right 
coronary arteries. The left anterior descend- 
ing coronary artery (fig 1A and 1B) gave off 
well developed first septal and diagonal bran- 
ches at the same level. The left anterior des- 
cending artery was completely obstructed just 
distal to the origins of the first septal and 
diagonal branches. Collateral vessels from the 
right coronary artery filled the peripheral left 
anterior descending artery distal to the 
occluded site. There were also stenoses 
(diameter of the lumen reduced by 90%) of 
both the left anterior descending artery just 
proximal to the origins of the first septal 
branch and the proximal portion of the 
diagonal branch. 

On the basis of these findings, percutaneous 
transluminal coronary angioplasty was perfor- 
med on the stenoses of the left anterior des- 
cending artery and the diagonal branch. 
Because the two target sites were close to each 
other we expected that one inflation of the 
balloon would dilate both lesions. Slight chest 
pain persisted after deflation of the balloon. 
Repeat angiography (fig 1C and 1D) showed 
sufficient dilatation of the target lesions, but 
complete obstruction of the proximal portion 
of the septal branch. The electrocardiogram 
recorded immediately after percutaneous 
transluminal coronary showed 
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Figure 2 
Electrocardiograms before 
f À) and after angioplasty 
(Bj. 
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that septal Q waves recorded in leads I, V5, 
and V6 immediately before percutaneous 
transluminal coronary angioplasty had disap- 
peared (fig 2). There was also slight ST seg- 
ment elevation and absence or reduction of 
initial R waves in leads V1-V3, with ST 
segment depression in leads I, II, III, aVF, 
V5, and V6. Chest pain disappeared after two 
hours and the maximum serum concentration 
of creatine kinase was 937 IU/l. Echocar- 
diography after percutaneous transluminal 
coronary angioplasty showed akinesis of the 
anterior interventricular septum. Thallium- 
201 myocardial imaging after percutaneous 
transluminal coronary angioplasty showed a 
perfusion defect in the anterior interven- 
tricular septum. 


Discussion 

Disappearance of initial R waves in leads V1 
and V2 have been reported in patients with 
infarction of the septum and left ventricular 
anterior wall.’* On the basis of the excitation 
process of the isolated human heart reported 
by Durrer et al,’ this electrocardiographic 
finding is explained by the loss of the earliest 
excitation in the middle half of the left side of 
the interventricular septum because of septal 
infarction. In previous reports, however, the 
effects of the infarcted area in the neighbour- 
ing myocardium outside the septum could not 
be ruled out. We found that pure septal in- 








farction induced the loss of initia! R waves in 
the medial precordial leads and the loss of 
septal Q waves in the lateral precordial leads. 
Yamaki er al reported that electrical excitation 
of the right ventricle contributed to the far- 
mation of septal Q waves.^ But in our pat 
we found that septal Q waves were no 
preserved despite a normal right ventric 
Further study will be required to clarify the 
contribution of the right ventricle to the gen- 
esis of septal Q waves. 

In pure septal infarction we also found ST 
segment depression in the lateral and inferior 
leads, as well as ST segment elevation in leads 
V1-V3. Echocardiography and thallium-201 
imaging showed no evidence of ischaemia in 
the lateral and inferior myocardium after 
infarction. This suggests that the ST segment 
depression in the lateral and inferior leads 
may be merely an electrical phenomenon—-so 
called "reciprocal change". Evidence from 
our patient suggests that reciprocal change 
opposite to the ST segment elevation in the 
medial precordial leads caused by septal 
involvement may be one mechanism for the 
ST segment depression seen in the inferior 
leads during acute myocardial infarction of 
the left ventricular anterior wall. 
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Lymphatic abnormalities in Alagille’s syndrome 


D P Dutka, Claire Cousins, A R Manhire 


Abstract 

Chylous pleural effusions developed in a 
patient with Alagille’s syndrome who 
had dysplasia of the lymphatic system. 
Lymphatic abnormalities are not a 
recognised feature of Alagille’s syn- 
drome. 


The features of Alagille’s syndrome or arterio- 
hepatic dysplasia as described by Alagille ez 
al'" and Watson and Miller’ are congenital 
heart disease (particularly pulmonary artery 
stenosis), intrahepatic cholestasis, and dys- 
morphic facies. Other features have been des- 
cribed,’ but abnormalities of the lymphatic 
system have not previously been reported. 


Case report 

A 19 year old man with Alagille’s syndrome 
was admitted for investigation after a recent 
deterioration in exercise tolerance. He was 
born four weeks prematurely, the third child 
of elderly parents. He failed to thrive and at 
three months a blowing systolic murmur was 
noted. There was no history of cyanosis or 
feeding difficulties. At 6 months, a paediatric 
cardiologist made a clinical diagnosis of a 
ventricular septal defect. Cardiac catheterisa- 
tion was performed when he was 18 months 
old. It showed an atrioventricular canal 
defect, equal right and left ventricular pres- 
sures, a gradient of 35 mm Hg across the 
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Figure 1 


Chest radiograph showing bilateral pleural effusions. 


pulmonary valve, and mild stenosis of the left 
pulmonary artery. 

He achieved normal developmental mile- 
stones but height and weight remained below 
the third centile. At the age of eight the results 
of cardiac catheterisation were unchanged. At 
operation (aged 10), cardiomegaly was noted 
with considerable lymphatic engorgement in 
the anterior mediastinum, a large mul- 
tiloculated cystic lesion containing lymph 
overlying the main pulmonary artery, and 
serpiginous distended lymphatic vessels 
surrounding the aorta. A large septum 
primum defect and cleft mitral valve were 
repaired. The tricuspid valve had no septal 
cusp whatsoever and a pulmonary valvotomy 
was performed. 

After operation he remained small and on 
examination was slightly jaundiced with mild 
hepatosplenomegaly. When he was 14 he was 
referred to a paediatric endocrinologist, 
primarily for investigation of his short stature. 
He had a prominent forehead, deep set eyes, 
and a small pointed chin. Blood count and 
endocrine investigations were normal. The 
serum concentration of bilibrubin was raised 
but concentrations of other hepatic enzymes 
were normal. A liver biopsy was not perfor- 
med because of persistently abnormal clot- 
ting. The bone age was delayed by four years 
and no vertebral anomalies were present. 
Fundoscopy showed prominent Schwalbe’s 
lines and no retinal pigmentation. The find- 
ings of typical facies, congenital heart disease, 
mildly deranged liver function, and short 
stature indicated a diagnosis of Alagille’s syn- 
drome. 

Five years later when he was 19 increasing 
breathlessness on exertion developed without 
cyanosis. A chest radiograph (fig 1) showed 
bilateral pleural effusions and he was admitted 
for investigation. The liver and spleen were 
mildly enlarged and there was continued rise 
of the serum concentration of unconjugated 
bilirubin. Serum concentrations of cholesterol 
and triglycerides and lipoprotein electro- 
phoresis were all normal. The prothrombin 
time was prolonged (18 seconds, control 14 
seconds) though the activated partial throm- 
boplastin time, thrombin time, and anti- 
thrombin III activity were normal. 

The pleural effusions were aspirated and 
found to be chylous. Lymphangiography 
showed considerable abnormalities of the 
lymphatic system. The lymphatic vessels in 
the right foot were very small and could not 
be cannulated. Lymphatic vessels in the left 
lower leg seemed normal. In the pelvis there 
was abnormal cross filling to the right with 
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figure 2. (A) Lymphangiogram film showing cross filling 
ymphatic vessels with contrast dispersed widely in the lumi 
Right lateral decubitus chest radiograph after lymp logra $ 
pooling of contrast in ectatic lymphatic vessels and absen te norma 
thoracic duct. (C) Lymphangiogram film showing contrast in ? 

and left supraclavicular region 








nodes in the neck, left supravent 
axillary regions (fig 2€ 

Treatment with a mediun 
triglyceride diet was started and the effusi 
remain unchanged 


Discussion 
Alagille’s syndrome, or arterichepati: 
plasia, affects several organ systems but 
malities of the lymphatic system ha 
previously been described. The syndron 
probably not rare, because groups 
as large as nine’ to 15° have beer 
Though the cause remains unknowt: 
to be genetic, with autosomal 
inheritance and variable penetr 
supported by several reports of vertical t 
mission.* 

A prominent feature of the sy 
clinical variability. Cholestasis may be n 
or absent in later years, with a range of card 
lesions (though peripheral pulmonary sten 
is the most common). Diagnosis res I 
recognition of a constellation of featu 
including hepatic abnormalitie 
jaundice and hypercholesterola 
tortuous and ectatic pelvic lymphatic vessels. paucity of intrahepatic duct nd 
Contrast was dispersed over a wide area heart defects peripheral pulmonar 
around the lumbar spine (fig 2A). The thoracic pulmonary valve stenosis, and sey i 
duct was not clearly defined and ectatic both atrial and ventricula Reti abn 
thoracic lymphatic vessels were found, par- malities include Schwalbe’s lines. Axer 
ticularly in the decubitus position (fig 2B). anomaly, and pigmentation. Abnor 
Another unusual feature was filling of lymph tebrae, impaired renal function su 
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tubular defect, hypogonadism, hypo- 


thyroidism, absent reflexes, and.poor academic . 


performance have also been described.*® 
Other syndromes’ of familial intrahepatic 
cholestasis may be clearly. distinguished by 
their characteristic biochemical and physical 
features. 

Patients with lymphatic hypoplasia usually 
present with lymphoedema. Congenital heart 
disease is rare in these patients (a 1-496 
incidence was described in one series’) and no 
particular cardiac lesion predominates. 
Similarly, lymphatic hyperplasia: was not 
associated with any particular congenital car- 
diac lesion though the incidence of 9-7% was 
far in excess of that expected in the general 
population (0-994). | 

'The patients we have described in this case 
report had many of the features of arterio- 
hepatic dysplasia—though considerable 
abnormality of the lymphatic system was also 
present. This was noted by the surgeon at 
operation when the patient was eight, though 
the extent of lymphatic dysplasia did not 
become clinically apparent until large chylous 
pleural effusions rendered the patient breath- 
less eleven years later. 

Alagille’s syndrome carries a better prog- 
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nosis than other forms of intrahepatic choles- 
tasis, with most patients surviving into 
adulthood. The abnormalities are rather more 
widespread-than the name arteriohepatic dys- 
plasia implies and lymphatic dysplasia should 
perhaps be added to the features of this 
syndrome. 


We thank Dr G K Morris for permussion to report this case. 
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Coronary sinus blood flow and coronary 
haemodynamic function in children: measurement 
by the continuous thermodilution method with 
eoronary sinus cannulation via the femoral vein 


Kenji Hamaoka, Zenshiro Onouchi, Yasutaka Kamiya 


Abstract 
In 19 children with Kawasaki disease 
without any cardiac sequelae the cor- 
onary sinus was cannulated via the 
femoral vein with a specially designed 
flow catheter and coronary sinus blood 
flow was measured by the continuous 
thermodilution method. There was a 
statistically significant positive correla- 
tion between coronary sinus blood flow 
and age, body surface area, and left ven- 
tricular mass, but coronary sinus blood 
flow per left ventricular mass (100 g) was 
negatively correlated with age, body 
surface area, and left ventricular mass. 
Coronary vascular resistance was 
negatively correlated with age, body sur- 
face area, and left ventricular mass. 
Younger children require a much 
greater coronary blood flow per left ven- 
tricular mass and have a higher coron- 
ary vascular resistance than older 
children and adolescents. These results 
may indicate that coronary blood flow is 
less efficient in childhood than in adoles- 
cence or adulthood. 


The supply of oxygen to the myocardium is 
determined mainly by the volume of.the 
coronary blood flow. Therefore, measurement 
of coronary blood flow is a useful way of 
evaluating coronary lesions and myocardial 
ischaemia. Measurement of coronary blood 
flow and the evaluation of the coronary 
haemodynamic function by arteriography 
provides important clinical information for 
the management of children with the coronary 
sequelae of Kawasaki disease. However, there 
has been no systematic report on the coronary 
blood flow or coronary haemodynamic func- 
tion in childhood because catheterisation of 
the coronary sinus is difficult in children. We 
have reported a technique for easier cannula- 
tion of the coronary sinus via the femoral vein 
during routine cardiac catheterisation.! To 
investigate the characteristics of coronary 
haemodynamic function in childhood, we 
measured the coronary sinus blood flow by the 
continuous thermodilution method using our 


specially designed flow catheter in children 
with Kawasaki disease without any sequelae. 


Patients and methods 

In the past two years, coronary angiography 
was carried out in 30 patients to detect the 
coronary sequelae of Kawasaki disease and to 
evaluate the coronary haemodynamic func- 
tion. In the present study we analysed the 
findings in 19 (15 boys and four girls, aged 2 to 
18 years (mean 8)) of the 30 patients who were 
shown to have normal coronary arteries des- 
pite echocardiographic evidence of dilatation. 
The interval from the onset of Kawasaki dis- 
ease to the time of this study in the 19 patients 
ranged from one to 15 years (mean 6:7 years). 
The nature of the study was discussed with 
the patients? parents and then written consent 
was obtained. 

After left ventricular angiography and 
selective coronary angiography, the coronary 
sinus flow catheter (fig 1À) (Webster Co, 
CCU-7U-90B), which was designed in our 
laboratory, was introduced through the 
femoral vein into the coronary sinus by a 
technique reported previously! (fig 1B). The 
coronary sinus flow catheter has an injection 
orifice at the tip and an external thermistor 
12mm from the tip. The position of the 
catheter was confirmed by angiography. In 
addition, a pigtail catheter was inserted 
through the femoral artery into the ascending 
aorta. Coronary sinus blood flow was 
measured by the continuous thermodilution 
method? >30 minutes after the angiographic 
studies. The coronary vascular resistance was 
calculated as the ratio of mean arterial pres- 
sure (mm Hg) to coronary sinus blood flow 
(ml/min). Left ventricular mass was calculated 
from the left ventricular angiogram.? 


Results 

In the 19 patients, coronary sinus blood flow at 
rest increased significantly with age: age 2—4 
years, 51-9 (10-4) (mean (SD)) ml/min; age 5— 
9 years, 75:8 (87) ml/min; age 10-18 years, 
102-4 (17-7) ml/min (fig 2A). Coronary sinus 
blood flow was positively correlated with age, 
body surface area, and left ventricular mass 


Figure 1. (A) Specially 
designed coronary sinus 
flow catheters; type 1 was 
for young and older 
children and type 2 for 
adolescents and adults. 

( B) Coronary sinus flow 
catheter inserted through 
the femoral vein into the 
coronary sinus. 


Figure 2. Relations 

between coronary sinus 

blood flow ( CSBF) and 

aging (A), body surface 

area (BSA) (B), and left 

ventricular (LV) mass 
C). 
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Figure 3 Relations between coronary sinus blood flow per 


100 g left ventricular mass (age) (A), body surface area 
( B, , and left ventricular mass (C). 


(fig 2). Coronary sinus blood flow per left 
ventricular mass (100g), however, was 
negatively correlated with age, body surface 
area, and left ventricular mass (fig 3). Further- 
more, in the 19 patients, coronary vascular 
resistance was negatively correlated with age 
(fig 4), body surface area (r = —0:55, 
p < 0:02), and left ventricular mass (r = 
0:53, p « 0:02). The rate-pressure product 
did not correlate with age (r — — 0-20, 
p < 0:5) or coronary sinus blood flow (r = 
0-22, p < 0:5), and the coronary sinus blood 
flow did not correlate with heart rate (r — 
0:44, p < 0:1). 


Discussion 

This study showed that coronary sinus blood 
flow in childhood was positively correlated 
with age, body surface area, and left ventricu- 
lar mass. Coronary sinus blood flow in adults 
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Figure 4 Relation between coronary vascular resistance 
(CR) and age. 
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ranged from 90 to 130 ml/min.?** Our find- 
ings indicate that coronary sinus blood flow in 
children over 10 years of age was comparable 
to that in adults. But younger children re- 
quired a greater coronary sinus blood flow per 
left ventricular mass than older children or 

"adolescents. Furthermore, the coronary vas- 
cular resistance in early childhood was higher 
than in late childhood and adolescence. These 
results suggest that coronary blood flow in 
early childhood was less efficient than in late 
childhood or adulthood. Therefore, these 
characteristic coronary flow patterns should be 
borne in mind during the evaluation of coron- 
ary haemodynamic function in childhood. 


We thank the following colleagues for parucipating in this 
study Shose: Hayashi, Erkan Koh, Masao Nakagawa, 
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All cardiologists, both ın the principal centres 
and in district general hospitals, should by 
now have received a form to complete on 
cardiac registrars. We are all bedevilled these 
days by forms that demand action, and I do 
not imagine that this latest one from the 
British Cardiac Society and the Specialist 
Advisory Committee will have been any more 
welcome than all the others that land so 
regularly on our desks Unfortunately they 
are a necessary evil in our brave new world 
and we ignore them at our peril — or that of 
our departments. Fortunately, the 1nforma- 
tion we are seeking now is sumple; it must be 
provided by all consultant cardiologists who 
wish to have a post at “registrar” level 
considered for the first part of the new six year 
programme. The changeover from the exist- 
ing less formal arrangements will occur over a 
year or so, but we hope that most new 
appoinunents will now be made under the 
new scheme. For those in England and Wales 
application must also be made to the Joint 
Committee on Higher Medical Traming 
office at the Royal College of Physicians; other 
arrangements will be made for Scotland and 
Northern Ireland. Some details were given 
when the forms were sent out, but any who 
are unsure how to proceed should contact 
Peter Sleight or Douglas Chamberlain. At the 
time of writing, the total number of posts at 
registrar level bas not been agreed, but we are 
reasonably optimistic that we will have 
enough “protected” for the specialty to 
match the requirement for subsequent senior 
registrar vacancies. Selection may not be easy 
and many difficulties are yet to be resolved. 
No post can be finally approved, however, 
without inspection by the Specialist Advisory 
Committee. Soon, incidentally, it will be time 
to conduct another census of senior regis- 
trars. We are aware that some of those now or 
recently in post have been slow to apply for a 
traming number with a view to accreditation. 
To neglect this 1$ unwise. 

The number of senior registrar positions in 
cardiology approved by the Joint Planning 
Advisory Committee 1s 60. Of these, eight are 
now reserved for paediatric cardiology (with 
two not taken up because of administrative 
delays) and two are reserved for part time 
appointments for up to four individuals (at 


least one of which has not been allocated). 

There are 10 posts set aside for research 
under the aegis of the Association of Medical 
Charities, the Medical Research Council, and 
Regional Health Authorities. But these are 
not speciality specific. In other words, we 
have no guarantee that the 10 research posts 
wil go to cardiologists: we have merely 
contributed an arbitrary share of a pool from 
which the posts 1n all specialities are taken. 
We have some protection from the mere play 
of chance, however, because six of the 10 are 
at present allocated to the British Hear- 
Foundation Even from here — and reason- 
ably — research applications will be success- 
ful only on the basis of scientific merit. Those 
who are successful may not be training for 
consultant posts in cardiology and indeed 
may not be cardiologists at all. Thus we have 
rigid control of the numbers of senior regi3- 
trar posts (calculated on the basis of expected 
retirements from the consultant grade plus an 
allowance for historical growth), yet 20% of 
the allocation (10 of 50) is beyond our control. 
This curious system seems a total abrogation 
of the stated intention to achieve a balance 

Only 40 training posts are available in 
England and Wales for senior registrars (end 
academics of equivalent status) in adult 
cardiology. 

Peter Sleight and Douglas Chamberlain (as 
chairman of the Training and Manpower 
Committee) discussed the Joint Planning 
Advisory Committee process 1n an informal 
meeting with two representatives of the 
Department of Health on the 4 December. 
We were courteously received and given 
useful advice on submissions: problems were 
discussed but could not be resolved in that 
forum. Another useful meeting took place a 
few weeks earlier with the secretary of the 
Association of Medical Charities, but again 
problems could be defined better than they 
could be solved. 

The publiaty over the Bjórk-Shiley valves 
continues. We understand the motives for the 
current moves to alert patients who have the 
vulnerable valves, but it seems regrettable 
that there should be a need further to heigh- 
ten their level of anxiety. One of the lessons of 
the current problem has been the difficulty in 
discovering for many patients the details of 
prosthetic valves in situ. This information 
should be readily available from the patients' 
notes, but for many reasons this system can 
fail. Many patients do carry cards issued by 
the valve manufacturer, but the process to 
obtain a card 1s not totally simple and 
frequently fails We believe that all patients 
with artificial heart valves should be given a 
standard card or bracelet while they are still in 
hospital. No approach has yet been made for 
cooperation from the manufacturers, but 
pacemaker companies were very helpful 
when similar issues were discussed several 
years ago. Do members feel this should be 
pursued? 
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We end this newsletter on a sad note. Many 
will now be aware of the sudden death on 5 
January of Professor Attilio Reale who was 
President of the European Society of Car- 
diology He became president at the Stock- 
holm meenng: many will have heard his 
speech at the assembly when he looked for- 
ward to his period in office, which was 
tragically cut short. We hope to write more of 
this next month and also of the changes that 
will be necessary within the European 
Society. 

DOUGLAS CHAMBERLAIN 
President, British Cardiac S. 
PAUL OLDERSHA 
Secretary, Brinsh Cardiac Society 
1 St Andrew’s Place 
London NWI 4LB 
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The Annual Meeting of the British Cardiac 
Society will take place at the Scottish 
Exhibition Centre, Glasgow on 30 April to 3 
May. The closing date for receipt of abstracts 
was 10 December 1990. 


An international workshop on Coronary 
Surgery: Clinical and Basic Perspec- 
tives organised by the Department of 
Cardiac Surgery of the University of Sheffield 
and the British Society for Cardiovascular 
Research will be held in Sheffield on 17 May: 
Mr G D Angelini, FRCS, Department of 
Cardiac Surgery, Northern General 
Hospital, Sheffield S5 7AU (0742 434343). 


The 5th annual meenung of the 
Mediterranean Association of Cardio- 
logy and Cardiac Surgery will be held in 
Alexandria on 23 to 27 September: Professor 
M EI-Fiky, Cardiac Surgery Department, 
Ain Shams Faculty of Medicine, Abbassia, 
Cairo, Egypt (202 834981/835495; Fax 202 
834981). 


The 5th international symposium on 
Calcium Antagonists: Pharmacology 
and Clinical Research will be held in 
Houston on 25 to 28 September: Organizing 
Secretariat, Giovanni Lorenzini Medical 
Foundation, c/o Dr Marjorie G Horning, 
Baylor College of Medicine, Room 826 E, 
One Baylor Plaza, Houston, Texas 77030, 
USA (713 797 0401; Fax 713 796 8853) and 
Organizing Secretariat (for Europe), 
Fondazione Giovanni Lorenzini, Via Monte 
Napoleone, 23-20121 Milan, Italy (02 78 36 
68-76 00 22 67; Fax 02 78 15 11). 


aC. 
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Editorial 





Coronary thrombolysis: round two and beyond 


Within a remarkably short time of the re-emergence of 
interest in thrombolytic treatment for acute myocardial 
infarction the efficacy of this approach wag confirmed in 
several large randomised trials of streptokinase,! ^ anistre- 
plase (anisoylated plasminogen streptokinase activator 
complex, APSAC),’ alteplase (recombinant tissue plasmin- 
ogen activator),‘ and streptokinase with adjunctive anti- 
platelet treatment with aspirin.” Despite their considerable 
physicochemical and biological differences, treatment with 
any of these thrombolytic agents is expected to reduce 
mortality by 25% to 40% with added aspirin (at least when 
added to streptokinase), and the early gains in survival 
persist for at least 12 months. 

These round one single thrombolytic trials have given us 
reassurance about the relative safety of such treatment in 
properly selected patients and have indicated what the risks 
are—a small increased risk of stroke, major bleeding, and 
allergic reactions (with streptokinase and anistreplase). 
They have also raised a host of issues that require further 
study. For instance, is there truly a crucial time window for 
maximum (or for any) benefit? Will aspirin enhance the 
effects of alteplase as well as the effects of streptokinase? 
Does the addition of aspirin make the coadministration of 
heparin superfluous? Is re-exposure to streptokinase within 
(say) six months truly dangerous or ineffective or both 
because of residual antibody titres? Is one thrombolytic 
agent better than another? Has combination thrombolytic 
therapy anything unique to contribute? 


Comparison trials 

Some of these questions may be answered in round two by 
the direct comparison trials, the first pair of which have 
recently been published.** In these open trials (the first, 
GISSI-2, is a large subset trial of the International Study 
Group) over 20 000 patients within six hours of onset of 
major symptoms were randomised to receive the current 
standard dose regimens of either streptokinase (1:5 
megaunits intravenously over 30-60 minutes) or alteplase 
“10 mg intravenous bolus, 50 mg intravenously in the next 
aour, and 20 mg intravenously in each of the next two 
hours). All patients were given oral aspirin from admission 
end half were randomly allocated to receive subcutaneous 
heparin, 12 500 units twice daily, beginning 12 hours after 
the onset of thrombolysis. 

The results at face value provide gratifying reading for 
health economists—no significant differences for major 
cardiac clinical events, indices of infarct size, left ven- 
tricular function, reinfarction, or death by the end of 
hospital stay (mean 13 days). There were more strokes with 
akeplase than with streptokinase (1:396 v 1%), but more 
major bleeds with streptokinase than with alteplase 
(0-994 v 0-6%) and with heparin (1%) versus no heparin 
(0-5%). Heparin did not affect the incidence of stroke or 
re.nfarction. 


Is heparin still needed? 

These trials have confirmed both the comparative efficacy 
and safety of adding oral aspirin to either streptokinase or 
alteplase. The heparin question, however, may have been 
confused rather than clarified, because without heparin the 
in-hospital death rates were streptokinase 9-2% and alte- 
plase 8:775, whereas with heparin they were streptokinase 
79% and alteplase 9 2%. The streptokinase results resem- 
ble those reported in ISIS-2 where, though heparin was an 
optional treatment, those patients allocated to streptokin- 
ase plus aspirin who were given heparin had a lower death 
rate than those who were not, albeit at a slightly higher risk 
of bleeding. In the trial reported by the International Study 
Group, however, the mortality patterns were already 
established in the 12 hours before heparin was started, 
though critics have suggested that the delay before 
heparinisation disadvantaged the alteplase group because 
this agent's shorter half life and lower systemic 
hypocoagulant effect exposed patients in that group to 
reocclusion. Further, although the dose and mode of 
heparin administration in the trial reported by the Inter- 
national Study Group were considered to be both safe and 
efficacious,’ ê other evidence, both clinical and experimen- 
tal, suggests otherwise.’ ! 

This concept of post-thrombolytic vulnerability to re- 
occlusion after alteplase without heparin is supported by 
several clinical patency studies. In TAMI-3 (Throm- 
bolysis in Acute Myocardial Infarction), patients were 
randomised to alteplase with or without heparin and there 
was no difference in the early (90 minute) infarct vessel 
patency (79%), but since all the patients subsequently 
received intravenous heparin the question of further defer- 
ment was not addressed. In the heparin and aspirin 
reperfusion trial, 204 patients received alteplase plus either 
low dose aspirin (80 mg) or intravenous heparin and the 
infarct vessel patency rates at 15 hours were 52% and 82% 
respectively.? In a similar but smaller study, Bleich and 
colleagues reported 55—59 hour patency rates of 44% with 
alteplase alone, compared with 71% when alteplase was 
coadministered with heparin (5000 unit bolus, then 1000 
units per hour intravenously).” 

'The largest study to examine this issue was reported by 
Professor de Bono for the European Cooperative Study 
Group at the recent European Congress of Cardiology in 
Stockholm. Six hundred and fifty two patients with evolv- 
ing myocardial infarction were randomised double blind to 
receive alteplase 100 mg plus aspirin plus either immediate 
intravenous heparin (5000 unit bolus followed by 1000 
units per hour until angiography) or placebo. Coronary 
angiography at 48-120 hours (mean 81 hours) showed 
'TIMI (Thrombolysis in Myocardial Infarction) grade 2 or 
3 perfusion of 83% in the heparin group compared with 
75% in the placebo group—a significant but less dramatic 
difference than in the study reported by Bleich et al. There 
were no differences in other clinical variables. Finally, the 
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random discontinuation of intravenous heparin at 24 hours 
and its replacement with aspirin plus dipyridamole had no 
deleterious impact on the pre-discharge rates for coronary 
artery patency (79%)."4 

Though comparable studies have not been reported with 
streptokinase, the message for alteplase seems to be that 
some form of anticoagulation (not just aspirin) may be 
essential to maintain the high patency rates. If indeed 
patency is more quickly achieved with intravenous alte- 
plase than with streptokinase,” and if early patency is 
advantageous and its effect measurable, then a re-run of the 
trial reported by the International Study Group but with 
early heparin should give the answer. However, the other 
large (more than 40 000 patients) round two, trial compar- 
ing alteplase, streptokinase, and anistreplase may clarify 
this issue, though even in this (ISIS-3) trial administration 
of heparin is deferred for four hours. 


Round three studies 
Is it possible and safe to try to exploit the virtues of two (or 
more) thrombolytic drugs given either together or sequen- 
tially—such as an initial high dose alteplase to achieve 
maximum patency as quickly as possible, followed by 
streptokinase or urokinase to maintain systemic 
hypocoagulation with less clot specificity, which may lessen 
the haemorrhagic stroke rate. Some clinical data commend 
this dual approach. The TAMI investigators reported a 
reocclusion rate as low as 2% when alteplase was given with 
urokinase, compared with 12% for alteplase and 7% for 
urokinase alone." A preliminary study to compare the 
results with alteplase and streptokinase and alteplase alone 
has reported similar figures.'? Initial patency rates do not 
.8eem to be greatly improved by dual therapy and in the 
large mortality trials reocclusion rates of 10-15% are 
certainly not clinically recognised as reinfarctions. 

The prospect of giving two thrombolytic drugs plus 
aspirin and simultaneous heparin is awesome, but such 
trials are planned and pilot studies are in progress. In the 
mean time we are eager to see whether ISIS-3 delivers a 
message substantially different from that of the Inter- 
national Study Group and in 1992 we should have the 
results of LATE (Late Assessment of Thrombolytic 
Efficacy), which is a double blind study randomising 
patients at 6-24 hours from the onset of symptoms to either 
placebo or alteplase; both treatment groups are also being 
treated with oral aspirin and early heparin. 


Re-exposure to streptokinase 
The question of re-exposure to streptokinase hinges on the 
importance of persisting streptokinase neutralising 
antibodies. Though the pretreatment titres—presumably 
residua from previous streptococcal infections—do not 
seem to correlate with either 90 minute infarct vessel 
patency or the likelihood of hypotensive reactions after 
either streptokinase or anistreplase, the titre of antibodies 
rises rapidly and remains high enough at six months 
“theoretically” to neutralise half a standard 1-5 megaunit 
dose of streptokinase or anistreplase.^? Clearly the 
measurement of pretreatment antibodies is not necessary in 
patients who have never received streptokinase or anistre- 
plase, nor is it practicable in those who have within, say, the 
previous 6-12 months. 

This is a far from theoretical dilemma because we need to 
know whether re-exposure to streptokinase at any time is 
either dangerous or ineffective or both. The often quoted 
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solution to use alteplase if retreatment i8 necessary conven- 
iently avoids the question. But how to solve it? Would 
anyone collaborate in a randomised trial of streptokinase or 
alteplase in patients who have received streptokinase in, 
say, the previous six months? In such a trial various 
pretreatment antibodies against streptokinase would be 
measured and because a large enough trial might be 
impossible coronary artery patency would need to bea 
surrogate for mortality. Patients would need to be stratified 


, according to time from initial exposure to streptokinase. 


Without such a trial alteplase will presumably occupy the 
re-exposure niche. For most other patients, however, the 
*gold standard" thrombolytic therapy at present remains 
streptokinase plus aspirin—plus heparin? 

R G WILCOX 
Department of Medicine, 
University Hospital, 
Nottingham NG7 2UH 
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Circadian variation in the frequency of onset of 
chest pain in acute myocardial infarction 


David R Thompson, Terence W Sutton, Nigel I Jowett, Jurgen E F Pohl 


Abstract 

The time of onset of chest pain was 
studied prospectively in 1154 consecutive 
patients admitted to a coronary care 
unit with myocardial infarction during a 
five year period.- Statistical analysis 
confirmed a previous finding in a retro- 
spective study of a bimodal frequency 
distribution with peaks in the time of 
onset of chest pain between 2330 and 0030 
hours and between 0630 and 0830 hours. 


Many cardiac disorders! including sudden 
death,? angina,’ and asymptomatic myocardial 
ischaemia*? are more frequent at the normal 
waking time. Studies have shown that the 
onset of acute myocardial infarction also often 
occurs at this time.** However, in a retrospec- 
tive study of the time of onset of chest pain in 
myocardial infarction’ our data also suggested 
a bimodal distribution, with a secondary peak 
around midnight. Though several studies 
found convincing evidence for a second, late 
evening peak?! others have not found such a 
pronounced midnight peak. We have, 
therefore, completed a five year prospective 
study of the time of onset of chest pain in 1154 
patients admitted to a coronary care unit with 
a myocardial infarction. 


Patients and methods 

PATIENTS 

Since the inception of the coronary care unit 
of Leicester General Hospital in 1976 accurate 
records of all patients admitted have been kept 
on a card index. The date and time of onset of 
chest pain and admission to and discharge 
from the unit together with electro- 
cardiographic and cardiac enzyme changes, 
complications, and treatment have been recor- 
ded separately from each patient’s hospital 
notes. 

During a five year period (1984-89) 4975 
patients were admitted to the coronary care 
unit. In 1716 (345%) of these an acute 
myocardial infarction was diagnosed on the 
basis of at least two of the following criteria: 
(a) myocardial ischaemic pain lasting > 30 
minutes, (6) creatine kinase concentration 
more than twice the upper limit of normal, 
and (c) electrocardiographic evidence (Min- 
nesota code) of acute infarction. Five hundred 
and sixty two patients were excluded because 
they had no pain, were admitted to the coron- 
ary care unit > 24 hours after symptoms 


began or because data could not be collected 
on arrival because of uncertainty, language 
difficulties, or collapse. The time of the onset 
of chest pain was taken to the nearest hour. 


STATISTICAL ANALYSIS 

When the frequency of chest pain over time 
was plotted there were two major peaks at 
2330-0030 hours and at 0630-0830 hours. 
The distribution over time was not uniform 
(33 =116-3, df= 23, p < 0:0001). A harmonic 
regression analysis gave a statistically sig- 
nificant fit (p < 0-001, R?=64%) with the 
equation: frequency of onset —48-1 +0-94 cos 
(2nt/24) + 13-1 sin (211/24) + 11:2 cos (6nt/ 
24) + 0-83 sin (6nt/24), where t — time of day 
in hours. 


Results 

In 1154 patients with proven myocardial 
infarction we found two significant peak times 
for the onset of chest pain: 2330-0030 hours 
and 0630-0830 hours (figure). This five year 
prospective study confirmed the previously 
reported bimodal distribution. 


Discussion 

There is a clear circadian pattern to myocardial 
ischaemic chest pain. Several studies reported a 
significant rise in frequency during the early 
morning hours and some report a smaller 
secondary increase in frequency during the 
afternoon and late evening.5?! As far as we are 
aware, however, this and our earlier study’ are 
the only ones to report an increased frequency 
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at midnight. Why chest pain is more common 
at these times is unknown, though recent 
studies on the circadian rhythm of onset of 
myocardial infarction have suggested that the 
morning peak of incidence is related to other 
known daily rhythms.** An obvious explana- 
tion for the early morning peak is the increase 
in physical and mental stress after waking. 
Sympathetic activity increases after waking 
and plasma concentrations of catecholamine 
increase. Cortisol concentration peaks early in 
the morning, generally before waking, and it 
remains high but falls during the period after 
awakening. Systemic arterial pressure,’ 
coronary vascular tone, and platelet 
aggregability’® also increase. Though fibrino- 
lytic activity is low during sleep and still 
reduced soon after awakening it rises during 
this time. 

The reasons for the midnight peak are less 
clear, though it could be linked to dilatation of 
the left ventricle at lower heart rates in the 
supine position with an increase in filling pres- 
sure, which has been reported to be associated 
with nocturnal ischaemia.” Patients with rest- 
ing angina and severe coronary stenosis often 
exhibit a nocturnal decline in their ischaemic 
threshold: the incidence of angina at rest was 
highest between 2000 and 2300 hours.'® There 
is evidence of differing circadian patterns of 
symptom onset in subgroups of patients with 
acute myocardial infarction: in patients with a 
history of congestive heart failure, or with non- 
Q wave infarction there was a pronounced peak 
only in the evening.? The midnight peak may 
reflect altered circadian rhythms caused by late 
working hours, or individual behavioural 
differences. We are now collecting information 
on these differences and normal waking time 
and daily activities for another study. 

"There have been isolated reports of an even- 
ing peak, though not all studies have shown it to 
be significant. Itis likely that a meta-analysis of 
all major studies would show that this peak is 
statistically significant, but the validity of the 
present analysis does not depend on it. It is 
unlikely that the same systematic bias operated 
for five years. The present data set (n— 1154) is 
one of the largest reported. The result of 
circadian analysis completely confirms the find- 
ings obtained in a large retrospective data set 
(n= 1099) obtained from the same location and 
processed by the same unit." 

Patients are admitted directly to the coronary 
care unit via the emergency ambulance service. 
The average delay between reporting onset of 
symptoms and admission to the unit is about 30 
minutes. The two main coronary care units 
admit on seven days a week from all parts of the 
city of Leicester and surroundings. The num- 
ber of patients admitted at Leicester General 
Hospital is roughly 50% of the total, without 
any geographical, sex, or age bias. 

We considered the possibility that patients 
presenting with nocturnal chest pain were 
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overrepresented in our study group. But those 
taken ill at night are less likely to call help 
immediately and thus more likely to die before 
reaching the coronary care unit. Às in most 
previous studies, we used subjective reports of 
onset of chest pain, None the less, data suggest 
that, for acute myocardial infarction, subjective 
reports are consistent with objective measures.* 
It is unlikely that errors were introduced by 
patient recall because in most patients the data 
were carefully checked for accuracy with the 
spouse. 

The observation of a circadian variation in 
the frequency of onset of chest pain in acute 
myocardial infarction has obvious therapeutic 
implications. It seems logical to target 
pharmacological treatment on the underlying 
physiological changes responsible for 
ischaemic events in those patients at risk. 
Ideally, this treatment should offer protection 
during the night and early morning hours. 
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A critical threshold of exercise capacity in the 
ventilatory response to exercise in heart failure 
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Abstract 

During exercise patients with chronic 
left heart failure ventilate more than 
normal individuals at the same work- 
load; the ratio of minute ventilation to 
minute production of carbon dioxide 
(Ve/Vco,) is increased. The relation be- 
tween increased VWe/Vco,, severity of 
heart failure, and exercise capacity has 
not been defined. Ve/Vco, was measured 
in 47 patients with chronic left heart 
failure (New York Heart Association 
grades II and III) and in 1009 healthy 
controls. Exercise capacity was assessed 
by peak oxygen consumption (Vo,max) 
during progressive exercise. In the con- 
trols Vo,max ranged from 25 to 93 ml/kg/ 
min; Ws/Vco, was 17-36 and did not 
correlate with Vo,max. In chronic left 
heart failure the Vo,max ranged from 9 
to 29 ml/kg/ min; Ve/Vco, was 22-42 and 
correlated strongly with Vomax. End 
tidal carbon dioxide and respiratory rate 
at peak exercise were similar in the con- 
trols and patients with chronic left heart 
failure. The increase in Vz/Vco, on exer- 
cise in chronic left heart failure indicates 
increased physiological dead space, 
presumably caused by a ventilation- 
perfusion mismatch. In the controls and 
patients with chronic left heart failure 
the relation of Ve/Vco, to Vomax was 
curvilinear with a threshold of Vo,max 
below which Vz/Vco, started to rise 
above the normal range. This point of 
inflection may be explained by the exis- 
tence of a critical level of cardiac func- 
tion necessary to perfuse adequately all 
lung zones on exercise. 


Dyspnoea is a major symptom of chronic left 
heart failure and may severely limit the exercise 
capacity of the patient.’ The patho- 
physiological basis of this symptom is not 
understood, though many explanations have 
been proposed. In patients with acute 
pulmonary oedema a rapid rise in pulmonary 
venous pressure leads to the accumulation of 
interstitial fluid, decreased hing compliance, 
and increased airway resistance.?? This simple 
explanation, however, does not apply to 
patients with chronic left heart failure, in 
whom there is no apparent relation between 
dyspnoea and pulmonary venous pressure.** 
Numerous studies have reported an 
increased ventilatory response to exercise in 
heart failure: patients with chronic heart failure 


ventilate more than healthy controls at the same 
external workload.** This increased ventila- 
tion may be expressed as the ratio of the minute 
ventilation to the minute production of carbon 
dioxide (VE/Vco;), which standardises for any 
differences in metabolic rate.’ © It has recently 
been suggested that the increased VE/VCo, is 
associated with dyspnoea.'' The exact relation 
between the value of the Vz/VCo, ratio, the 
functional state of the patient, and the level of 
dyspnoea is not known, however. We have 
therefore examined the relation between 
Vg/Vco, and exercise capacity across a range of 
severity of chronic heart failure and in a large 
group of healthy controls of different levels of 
fitness to determine the relation between 
exercise capacity, exercise hyperpnoea, and the 
efficiency of gas exchange. 


Patents and methods 

PATIENTS 

We recruited 47 patients with chronic left heart 
failure in New York Heart Association 
categories II or III from outpatient clinics. 
Impaired left ventricular function was assessed 
both by radionuclide gated blood pool scanning 
and by echocardiographic determination of 
ejection fraction; the left ventricular ejection 
fraction by both methods was « 5094. Patients 
with valvar heart disease were excluded. There 
was no evidence of primary lung disease as 
judged by history, clinical examination, and 
chest x ray, and each patient achieved at least 
7095 of the predicted normal values on lung 
function tests, static lung volumes, airways 
resistance, and carbon monoxide gas transfer. 
Patients with disturbance of balance or with 
musculo-skeleta] problems that might limit 
exercise were excluded. The project was 
approved by the local ethics committee and all 
patients gave written consent. 

Healthy individuals with no history of 
cardiopulmonary disease were recruited from a 
health screening service. Physical examination, 
resting and exercise electrocardiograms, chest 
x ray, and lung function tests were all normal. 


EXERCISE TESTING 

All subjects performed progressive maximal 
symptom limited exertion. Pulse, respiratory 
rate, blood pressure, and the 12 lead electro- 
cardiogram were recorded in each stage. 
Subjects performed a familiarisation maximal 
test with expired gas analysis 2-14 days before 
the study. Patients were given the usual cardiac 
medications that day. All subjects were tested 
at least two hours after eating. 


Table 1 ae Ue e (median 
Nun ange ( )) of 





Patients Controls 
{n = 47) (n = 1009) 





Age (yr) 
Bod; 


i 47-78 (65) 25-70 (45) 
wiy mass index 182-29-8(22 T) 13:7-45 6 (24 7) 

LVEF (%, by MUGA) 5-48 (24) -— 

FEV, 1-2-3-7 (2 3) 1:5-6-4 (3:8) 

FEV, % predicted) 76-124 (92) 75-129 (98) 
15-563) 2-3-7-6 (4-T) 

PVC % predicted) 71-117 (83) TT-128 (99 
32-7-9 (5 4) 47-119 (7-4) 

va (% predicted) 71-125 (94) 74-132 (102) 





vial capacity LVEF, le venter dr FVC, forced 
left ventricular ejection fraction 


Expired gases were analysed at rest until a 
steady state was achieved, and then contin- 
uously during exercise and the recovery phase. 
Subjects wore a mouthpiece with low resis- 
tance Hans Rudolf spiral non-return valve and 
there was a low volume of dead space in the 
circuit. Expired gas passed through a mixing 
box and was sampled by four channel mass 
spectrometer (AirSpec MGA200), with the 
output passing to analogue-to-digital converter 
and on line computer. Ventilation was meas- 
ured by argon dilution.? Oxygen production 
(ml/kg/min), carbon dioxide production (ml/ 
kg/min), and minute ventilation (l/min) were 
averaged and calculated every 10 seconds by 
the on line computer during the test. We 
analysed the results by taking mean values over 
the last minute of exercise. Respiratory rate and 
end tidal carbon dioxide were recorded over the 
last 30 seconds of each stage and over the last 
minute of exercise. 

End tidal carbon dioxide was measured at the 
mouthpiece by an infrared capnograph 
(Godart) and a corrected estimate of mean 
arterial Pco, was obtained by the Jones 
formula.” Arterial oxygen saturation was 
monitored by pulse oximetry at the ear lobe 
(Radiometer). In a subgroup of 10 patients the 
oxygen saturation and end tidal carbon dioxide 
were validated against arterialised ear lobe 
blood samples analysed in a Radiometer ABL3 
machine. 

Measurements of Vz/Vco, and of end tidal 
carbon dioxide were used to calculate the ratio 
of dead space ventilation to total minute 
ventilation (Vp/VE) according to the Bohr 
equation.'*5 We calculated tidal volume and 
thus the mean dead space per breath (Vp/ 
breath) from the measured respiratory rate and 
minute ventilation: 

VT = Vg/RR 
Vp/breath = Vr x (Vp/Vz). 


Table 2 Reproducibility of respiratory measurements on repeat testing in patients 





Mean difference SDof 





Measurement (test 3 — test 2) differences 
Exercise duration (mun) +026 +162 
Peak oxygen eonim (Vo, max) (ml/kg/min) —0-19 $153 
Peak ventilation —0 23 +67 
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REPRODUCIBILITY 

We determined the reproducibility of 
ventilatory measurements on repeated testing 
by performing a third non-invasive maximal 
exercise study 1—5 weeks after the second study 
in all 47 patients with heart failure. 
Reproducibility data are presented as the mean 
difference (test 3 — test 2) + the SD of the 
differences. 


ANALYSIS . 

In the 1009 controls univariate relations be- 
tween the variables were assessed by Pearson's 
product-moment correlation coefficient. 
Adjustment for the possible confounding effects 
of age and weight (body mass index) was made 
by multiple linear regression analysis. We 
examined the magnitudes of weak but statis- 
tically significant correlations with Vo,max 
within the large group of controls by dividing 
the group into deciles of Vo,max and calculat- 
ing the mean value of the given variable for 
each decile. 

We used non-parametric statistical analysis 
for the small group of patients with chronic left 
heart failure. Values of variables are given as 
median and range. Correlations were examined 
by the Spearman rank correlation coefficient R. 


Results 

GROUP CHARACTERISTICS 

'The patients were aged 47—78 (median 65) and 
the normal healthy subjects were aged 25-70 
(median 45). T'hough the patients with chronic 
left heart failure tended to be older this dif- 
ference was not statistically significant. Static 
lung volumes were all approximately 80-85% 
of the predicted normal value in the patient 
group (table 1). 


REPRODUCIBILITY STUDIES 

There were no significant differences between 
resting or exercise values for any of the 
ventilatory variables between the two studies in 
the 47 patients with chronic left heart failure. 
Table 2 gives the mean differences and the 
standard deviation of the differences. 


PATIENTS WITH CHRONIC HEART FAILURE 
Peak oxygen consumption (Vo,max) ranged 
from 9 to 29 (median 14) ml/kg/min. Table 3 
gives the results of exercise testing and the 
respiratory variables calculated from the 
exercise data. The ratio VE/VCo, at 
exercise was 22:3—41-6 (median 29-8). VsjVco, 
correlated significantly with — Vo,max: 
R = —0:53, p < 0-002. Figure 1 shows the 
curvilinear relation; at values of Vo;max more 
than 18-20 ml/kg/min VE/Vco, was within the 
normal range, but at values less than this VE/ 
Vco, rose steeply as Vomax fell. When 
Vo,max was less than 20 ml/kg/min the correla- 
tion between VE/Vco, and Vomax is even 
stronger: R = —0-62, p < 0-001 (linear 
regression equation: 
Vz/Vco, = 40-7 — 0-7(Vo,max)). 

The ratio voya at peak exertion also 

correlated with Vomax: R = —0-58, p < 
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Table3 Results (range (median) ) of danori exercise testing in patientsand value of Ve/Vco, was 26-1 in the lowest decile 





healthy controls 

Patients Healthy controls 
Variable (n = 47) (n = 1009) 
Exercise duration (min) 3-15 (7) 8-22 (15) 
Vo, max (ml/kg/min) 9-29 o 25-93 (42; 
Peak venulation (l/min) 18-73 (33) 35-137 (79) 
Peak respiratory rate (per min) 21-36 (28) 24-38 (30) 
End tidal co, at peak exernon (%) 45-56(50) 3-7-6 1 (5:1 

E/VCO, : 22:3-41 6 (29-8) 16 935-8 (25 0) 

Vp/VE 0 14-0 55 (0 35) 0 02-0 65 (0 26) 
Vop/breath (ml) 149—843 (393) 490-1740 (660) 


V max, peak oxygen consumption averaged over the final minute of a maximal exercise test; 
Ve/Vco,, ratio of minute ventilation to minute production of carbon dioxide; Vo/Vx, ratio of 
dead space ventilanon to total venulation, Vo/breath, dead space ventilated per breath. 


Figure 1 | Relation 
between Va| VCO, and 
Vo, max in patients. 


0:001. Dead space per breath (Vp/breath) at 


peak exertion correlated weakly with Vo,max: 
R = +0:34, p < 0:05. 

Blood oxygen saturation was normal in all 
patients at rest (91%-97%). In 23 of the 47 
patients, ear lobe oxygen saturation fell by 
1%-6% from resting state to peak exertion, 
with rapid recovery to the resting value within 
two minutes of the end of exercise. In the 
remaining 24 patients, oxygen saturation did 
not change significantly. There was no correla- 
tion between VE/VCo, and change in oxygen 
saturation. 


CONTROLS 

Peak oxygen consumption (Vo,max) ranged 
from 25 to 93 (median 42) ml/kg/min. Table 3 
gives the results of exercise testing and the 
respiratory variables calculated from the 
exercise data. VE/VCo, at peak exercise ranged 
from 16:9 to 35:8 (median 25-0). VE/Vco, was 
weakly related to exercise capacity Vo,max (r 
= —0-11, p < 0:0003). Age and body weight 
(body mass index) were related to Vo,max; 
after adjustment for age and weight by multiple 
linear regression analysis, the association was 
only marginally significant (p = 0-05). ` 

The ratio Vp/VE at peak exertion was 0-02- 
0-65, median 0-26. Vp/Vz was weakly related to 
Vomax (r = +0-1,p < 0-001). Dead space per 
breath (Vp/breath) at peak exertion was 40— 
1740'ml (median 660 ml). Vp/breath was also 
weakly correlated with Vo,max (r = +0-08, p 
« 0-0001). Theserelations remained significant 
after adjustment for age and body weight. 

The correlation coefficients between Vo,max 
and-Vg/Vco,, Vp/Vz, and Vp/breath though 
statistically significant were only small. In a 
large scale study it is the magnitude of the 
association, not the significance, that is clini- 
cally relevant. Division of the 1009 controls 
into deciles of Vomax showed that the mean 


Se tiques etie 1 
0 10 20 30 


-~ Exercise capacity VO» max (mi/kg/mun) 


and 24-6 in the highest decile. Similarly, the 
mean value of Vp/VzE was 0-29 in the lowest 
decile and 0:24 in the highest decile, and Vp/ 
breath was 590 ml in the lowest and 680 ml in 
the highest decile. 


OVERALL RELATION BETWEEN Vz/Uco, AND 
Vo;MAX 

Figure 2 shows data on the VE/Vco, from the 
controls and from patients with chronic left 
heart failure. The mean ages of the two groups 
‘differ and in the large group of controls the 
relation of VE/Vco, to Vo,max was adjusted for 
the effects of age by multiple linear regression 
analysis. Figure 3 shows the ratio of pulmonary 
dead space ventilation to total ventilation (Vp/ 
Vz) and figure 4 shows the total dead space per 
breath (Vp/breath). 


Discussion 

The mechanisms of dyspnoea and of hyper- 
pnoea in chronic left heart failure are poorly 
understood. Pulmonary venous hypertension 
may be the major mechanism causing breath- 
lessness in acute left heart failure, but this does 
not seem to be the case in chronic heart failure. 
There is little correlation between pulmonary 
wedge pressure at rest or during exercise and 
exercise capacity.) Whether exercise is limited 
by dyspnoea or by fatigue depends upon the 
type of exercise rather than the peak level of 
pulmonary wedge pressure attained. When 
submaximal and maximal exercise tests are 
performed, both forms of exercise are 
terminated at similar levels of ventilation,” yet 
if the primary stimulus to excessive ventilation 
during exercise was an acute increase in 
pulmonary venous pressure, then the increase 
in ventilation would be expected to have been 
greater during the prolonged submaximal test. 
In both long term and short term drug studies 
there is often a dissociation between the 
- haemodynamic effects (including changes in 
pulmonary wedge pressure) and changes in 
exercise capacity and in dyspnoea.!*? 

The abnormally increased ventilatory 
response to exercise in chronic heart failure is 
well documented; patients with chronic heart 
failure ventilate more than healthy individuals 
at the same external work load.** Exercise 
hyperpnoea has also been described in patients 
with severe longstanding mitral stenosis. It 
has been suggested that the dyspnoea of such 
patients during exercise migbt be causally 
related to this increased ventilation.!! Several 
underlying mechanisms have been proposed 


' including the stimulation of chemoreceptors by 


systemic lactic acidosis,$!? the stimulation of 
muscle metabolic receptors by local skeletal 
muscle acidosis, the release of carbon dioxide 
by buffers, altered arterial Pco, control, and 
changes in lung compliance due to congestion 
and/or chronic fibrosis.” ?? 

Analysis of respiratory gas exchange during 
exercise has proved useful to examine these 
hypotheses.” In healthy individuals during 
exercise, ventilation is linearly related to the 
minute production of carbon dioxide.” In 


182 


+ t + D n 
li: sot t + 4 * 
oe t+ + t Ew e ED 
"e + mir OM HR E rt t 
30 E s we. t Por BE H W + 
** aw H HHRHH HHIHH ER PEOR 
sb bO PIIR OHOLHHHHA MEE EORR + t F 
. " HEHEHE HEHE HARE HH FE 
deoa Cert rc Ci HE O + + 
n HHH EHHE + 
AHHH HH HHHH HHHHRH HHHH + + LÀ 
HR HERE HHI HHH HE et 
POOR HEHEHHE (6H HH t + 
20} dod HEHE FERREA He t HH tee oe + n 
Et HHHH t + + 
#¢ + eer t + + 


mum 


æ 


VE/VCO, 


. 
ae š 


10 
20 40 60 80 100 


Exercise capacity VO. max {ml/kg/min} 


Figure2 Relation between VE|VCOo; and Vo, max m patients and healthy controls. 


0-75 





0 20 40 60 80 
Exercise capacity VO, max {ml/kg/min} 
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chronic left heart failure the slope of this 
relation is greatly increased.” This suggests 
that hyperpnoea cannot be solely the result of 
higher carbon dioxide production, but must 
involve one of three possibilities. First, exces- 
sive ventilation so as to lower mean arterial 
Pco, perhaps in response to lactic acidosis; 
second, increased ventilation of the anatomical 
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dead space by a rapid shallow pattern of 
breathing; third, increased ventilation of 
physiological dead space. Analysis of res- 
piratory gas exchange and in particular of Vx/ 
Vco, and Vp/VE allows inferences to be made 
about gas exchange, dead space, and the match- 
ing of ventilation to perfusion. 

In the present study we have confirmed 
previous reports of increased VE/Vco, during 
exercise.’ ° End tidal carbon dioxide, corrected 
by the Jones formula to give an estimate of 
mean arterial PCO,, is the same in patients with 
chronic left heart failure and healthy controls, 
implying normal control of arterial Pco, in 
severe heart failure despite abnormal ventila- 
tion. Applying the Bohr equation to the data 
shows that the increase in VE/VCO, represents 
an increase in the ratio of dead space ventilation 
to total ventilation (Vp/ VE). 

Vp/Vx is higher in the patients with heart 
failure than in the healthy individuals (table 3). 
Theoretically this might be because a rapid 
shallow pattern of breathing increases the 
proportion of dead space ventilation, but this is 
not the case because respiratory rate at peak 
exertion was similar in patients with chronic 
left heart failure and in healthy individuals. 
Anatomical dead space is not different in 
chronic heart failure from normal subjects, and 
therefore physiological dead space must be 
increased. 

Calculated dead space per breath (Vp/ 
breath) varies widely between individuals 
within both the control group and in patients 
with chronic heart failure, and there is no 
significant difference between the groups. This 
may be because increased Vp/VE in chronic 
heart failure is offset by the lower tidal volume 
at peak exertion (itself the product of a lower 
peak minute ventilation and normal or slightly 
raised respiratory rate at peak exertion). 

The mechanisms of increased Vg/Vco, and 
Vp/Vz in severe chronic left heart failure have 
not been elucidated. It has been suggested that 
chronic pulmonary congestion, damage, and 
perhaps chronic diffuse fibrosis contribute.” 
Significant correlations between VeE/Vco,, 
mean pulmonary artery pressure, and pul- 
monary vascular resistance were found in one 
study? but not in another study.” An 
alternative explanation is that patients with 
chronic left heart failure and increased Vg/Vco, 
develop subclinical or even overt pulmonary 
oedema during exertion. Because oxygen is 
approximately 20 times less diffusable than is 
carbon dioxide in a fluid film,” a degree of 
pulmonary oedema sufficient to cause abnor- 
malities in VE/Vco, would be expected to cause 
proportionately greater abnormalities in 
oxygen upteke. Important arterial hypoxaemia, 
however, was not a finding of the present study; 
furthermore, there was no correlation between 
the ratio VE/Vco, and the change in oxygen 
saturation with exercise in individual patients. 

The correlation between VE/Vco, and 
Vo,max in patients with heart failure confirms 
the reports of Fink et al” and of Buller and 
Poole-Wilson.*! In these studies, however, few 
patients had a Vo,max of greater than 20 ml/kg/ 
min and so the relation between Vg/Vco, and 
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' and exercise capacity falls below Vo,max of 20- 


Vo,max was not studied over a wide range of 
Vo,max. Because end tidal carbon dioxide and 
arterial Pco, were not measured, the ratio Vp/ 
Ve could not be calculated in these studies 
though it was suggested that physiological dead 
space was increased.?! 

Regression analysis showed that in patients 
with chronic heart failure VE/Vco, and Vp/VE 
depended strongly on exercise capacity as 
assessed by Vo,max. In the controls, however, 
the relation between Vx/Vco,, Vp/VE, and 
Vo,max over a wide range of values of Vomax 
was very weak. The difference might simply 
reflect the difference between health and a 
disease state. The values of VE/VCO, in patients 
with mild symptoms of heart failure and 
reasonable exercise capacity (Vo,max >20 ml/ 
kg/min) resembled those seen in the controls. 
There was a point of inflection corresponding to 
a Vo,max of approximately 20 ml/kg/min, 
below which VE/VCo, rises abnormally and the 
calculated dead space ratio VD/VR increases 


(figs 2 and 3). This suggests that ventilatory 


abnormalities develop only when chronic left 
heart failure exceeds a critical level of severity 


ml/kg/min. 

In conclusion, it seems that the increase in 
Ve/Vco, and Vp/Vz in patients with chronic 
left heart failure is caused by pulmonary 
ventilation-perfusion mismatching: there are 
zones which are adequately ventilated or even 
hyperventilated, yet receive little pulmonary 
blood flow. At present there is no evidence to 
indicate whether this occurs on a regional or 


zonal basis or is distributed at alveolar level 


throughout the lungs. The threshold of 
exercise capacity and of severity of heart failure 


for abnormal increases in Vx/Vco, and Vp/Vx 


could be explained by the existence of a critical 
level. of cardiac output response to exercise, 
necessary to perfuse adequately all ventilated 
lung zones. 
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Platelet aggregating activity in serum from 
patients with HLA-B27 associated rheumatic and 
cardiac disorders: a possible link to the 
proliferative vascular changes 


Lennart Bergfeldt, Olof Edhag, Góran Holm, Renée Norberg 


Abstract 

Objective—To search for possible 
serum factors (immunochemical abnor- 
malities) that reflect HLA-B27 associated 
inflammatory process with the 
proliferative endarteritis, which is an 
important cause of severe bradycardia 
and aortic valve regurgitation. 

Patients and methods—Seventy four 
men with pacemakers were studied: 24 
were  HLA-B27 positive and had 
associated rheumatic and cardiac dis- 
orders, 13 were B27 positive but had no 
clinical or radiographic signs of a related 
rheumatic condition, and 37 were B27 
negative controls. Randomly obtained 
serum samples were examined for a 
series of serum factors. 

Results—Thirteen (57%) of the 23 
patients with HLA-B27 and associated 
rheumatic and cardiac conditions had 
platelet aggregating activity in their 
serum. No such activity was found in 
sera from patients in the other groups. 
None the less, immunochemical abnor- 
malities were common among patients 
of all groups; 30 (41%) had antinuclear 
antibodies or rheumatoid factor or both. 

Conclusion—The platelet aggregating 
activity found in patients with HLA-B27 
and associated rheumatic and cardiac 
conditions may reflect serum factors that 
increase the stickiness of platelets and 


increase their adhesion to the vessel wall.. 


This suggests a link via release of platelet 
derived growth factor(s) with the 
characteristic histopathological feature 
of proliferative endarteritis. Immuno- 
chemical abnormalities were common in 
serum from all men with pacemakers. 


The HLA-B27 allele is associated with a 
predisposition to seronegative  spondar- 
thritides and impairment of the cardiac con- 
duction system,'® the aortic and mitral 
valves,” and the myocardium.?? The most 
common and clinically important cardiac dis- 
orders are complete heart block and aortic 
valve regurgitation. A substantial proportion 
(15-20%) of men with pacemakers’? |? (but 
not women'?) and of white patients with aortic 
valve regurgitation have the HLA-B27 
allele. >" The histopathological features of 
the disease process include perivascular infil- 


tration of inflammatory cells around small 
vessels such as the vasa vasorum of the prox- 
imal aorta and around vessels in the 
interventricular septum and vessels adjacent 
to the affected joints. T'he lumens of these 
vessels are obliterated by endothelial and 
fibromuscular proliferation — (endarteritis 
obliterans).! 5! 

In the present study we looked for 
immunochemical factors in the serum that 
could be linked to the proliferative vascular 
disease in HL.A -B27 positive patients. 


Patients and methods 


PATIENTS 

We studied men with pacemakers who had 
been examined for HLA-B27 associated 
rheumatic disorders)?! When the history 
was taken we noted any signs or symptoms 
tha: might have been linked with HLA-B27 
such as acute anterior uveitis, low back pain, 
arthritis or arthralgia, psoriasis, inflammatory 
bowel disease, and urogenital infection or dis- 
charge. The sacroiliac joints in all patients in 
the three groups had been x rayed, and 
patients with confirmed sacroiliitis were also 
examined for spondylitis. We used the 1966 
New York criteria for ankylosing spondylitis 
and sacroilitis was diagnosed only when we 
found radiographic changes of grade 2 (defi- 
nite changes) to 4." The patients’ HLA type 
was determined by a standard microlym- 
phocytotoxicity test.!? 

Group 1—We studied 24 HLA-B27 positive 
men (mean age 74 years, range 36-91) with 
rheumatic and cardiac syndromes. Ankylosing 
spondylitis was present in 14 patients (five also 
had had uveitis). Five patients had sacroiliitis 
or typical spondylitis (two with uveitis). In five 
pauents peripheral arthritis and/or uveitis 
dominated. Twenty patients had a pacemaker 
because of second and third degree atrioven- 
tricular block. Four patients had other 
bradycardias, mainly sinus node disease with 
or without supraventricular tachycardias. 
Thirteen patients had regurgitant aortic 
valves, which in three had been replaced. 
Four patients had a history of myocardial 
infarction. 

Group 2 consisted of 13 HLA-B27 positive 
men (mean age 79, range 59-90) with com- 
plete heart block but without any clinical or 
radiographic evidence of a rheumatic dis- 
order. 
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Group 3 was the control group of;37 men 
(mean age 76, range 39—91) with complete 
heart block. They were all HLA-B27 negative 
and had no fadiographic signs of sacroiliitis. 


BLOOD TESTS 

We collected blood samples when the patients 
came for. routine examination of their 
pacemaker systems. Blood was drawn at room 
temperature. Blood for cryoglobulin deter- 
mination was immediately transferred to a 
centrifuge and the serum was separated at 
37°C. Serum samples were stored at —70?C. 


' ANALYTICAL METHODS 


C reactive protein, orosomucoid, anti- 
chymotrypsin, and complement factors. C3 
and C4 were measured by the Laurell rocket 
electrophoresis technique.” IgG, IgA, and 
IgM concentrations were measured on com- 
‘mercial immunodiffusion plates (Behring- 
ewerke, Marburg, Germany). Complement 


- activation via:the classical and alternative ` 


pathways was assessed by haemolysis-in-gel 
methods.” Rheumatoid factor was detected by 
the Waaler-Rose test. Antinuclear antibodies, 
antimitochondrial antibodies, and smooth 
muscle antibodies were measured by a stan- 
dard indirect immunofluorescent technique. 
In ‘patients with antinuclear antibodies ‘we 
used the Crithidia lucilliae method to detect 
anti-DNA antibodies. Antibodies to extract- 
able nuclear antigens were analysed by coun- 
ter immunoelectrophoresis.”! 

Circulating soluble immune complexes 
were assayed by a solid phase Clq-binding 
enzyme linked  immunoadsorbent assay 

: (BLISA),” and a solid: phase conglutinin 
binding ELISA.” We used Myllylà's platelet 
aggregation test.* A titre 21/8 was regarded 
as abnormal; though 99 of:100 healthy blood 

- donors had a titre < 1/4.? 


STATISTICAL ANALYSIS 

‘We used Fisher's exact test to determine the 
statistical significance of differences between 
"'" groups. 
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The study was approved by the Medical 
Ethics Committee of the Karolinska Institute 
and the patients gave their informed consent. 


Results 

The platelet aggregation test was positive in 13 
(57%) out of 23 of the patients in group 1, 
though two had a titre 1/4 that is occasionally 
seen in healthy controls. None of the patients in 
groups 2 and 3 had a positive platelet aggrega- 
tion test (group 1 v group2, p « 0-001; group I 
v group 3,p « 0-001). All five of the 13 patients 
with a positive platelet aggregation test with 
titres > 1/4096 had aortic regurgitation. 

Serum from six (26%) of the group 1 patients 
contained cryoglobulins. None of the patients 
in the other groups was positive (group 1 v 
group 2, p € 0-05; group 1 v group 3, 
p < 0:01). 

The assay for Clq was positive in one patient 
in group 1 and in two patients in group 2. The 
conglutinin test was positive in two patients in 
group 1 but not in any patients in groups 2 and 
3. 

Serological signs of inflammatory activity, 
such as increases in sedimentation rate and 
other acute phase reactants including C3 and 
C4, were common in all groups (table). But 
there were no clear cut differences between the 
three groups or any association between the 
presence of platelet aggregating activity and an 
increase in acute phase reactants. 

We found autoantibodies in 31 of the 
74 patients. Rheumatoid factor, mostly in 
low titre, was found in all groups: in seven 
(29%) of 24 in group 1, in one out of 13 in group 
2, and in seven (19%) of 37 in group 3. 
Antinuclear antibodies were present in four 
(17%) (all « 1/25) of 24 in group 1, in three 
(23%) (two > 1/100) of 13 in group 2, and in 
12 (3296) (7 > 1/100) of 37 in group 3. Though 
antinuclear antibodies were more common and 
were found in much higher titres in group 3 
than in group 1, the difference was not sig- 
nificant. We did not find DNA antibodies or 
antibodies directed against extractable nuclear 
antigens in any patient. A patient with chronic 


: Results of blood tests in the three groups of patients with pacemakers 





Variable Group 1 Group 2 Group 3 P 
(n= 24) (n= 13) (n= 37) 
B27- [RS * B27 4 [RS — B27 -]RS — 
ESR > 15 mm/h 9/20 6/11 8/29 NS 
Leucocytes > 90 x 10/1 ] 4/21 3/11 4/33 NS 
Abnormal differential count* 5/21 (3) 4/12 (2) 9/31 (4) NS 2708 
CRP > 001 mg/ml 6/24 1/13 3/19 NS He 
Orosomucoid > 10 4/24 3/13 6/37 NS- ^ 
Antichymotrypsin 424 2/13 47 NS. » + 
C3 4/24 0/13 1/37 NS' x 
C4 peine ` 5[24 0/13 3/37 NS z 
7/24 1/13 1/37 NS i i 
ANA 4/24 3/13 12/37 NS. 3! d 
Mitochondrial snnbodies y 0/23 0/13 1/57 Nose omnes 
Smooth muscle antibodies 0/23 0/13 3/37 DUET 
Cryoglobulins  - 6/23 0/13 0/36 loz < 005! 7° 
1v3: < C017 
Clq-ELISA $ 1/23 2/13 0/35 
Conglutinin 2/23 0/13 0/35 
PLA 13/23 0/13 0/37 1v2: < 0001 
: : 173: < 00001 
(tem Fisher's exact test was used. 


" *Figures m parentheses are 1 > . 
ANA, antinuclear antibodies; C, complement factor; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; 
PLA, platelet aggregation test; RF, rheumatoid factor. : 
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liver disease in group 3 had mitochondrial 
antibodies (titre > 1/1600). 


Discussion 


Since 1973 when the association between 
HLA-B27 and ankylosing spondylitis was 
reported, 5?' a link has been sought between 
HLA-B27 and the histopathological features 
and clinical characteristics of the HLA-B27 
associated rheumatic disorders. 

Our results were unremarkable and consist- 
ent with other studies of patients with ankylos- 
ing spondylitis. There are, however, three 
observations of interest. First, we found 
platelet aggregating activity in 57% of the 
patients with HLA-B27 associated disorders 
(group 1) but not in the other groups. This is an 
original observation. We used platelet 
aggregating activity to search for circulating 
immune complexes. Norberg found platelet 
aggregating activity in 36 out of 171 patients 
with rheumatoid arthritis.“ This activity was 
probably due to the presence of circulating 
immune complexes.” In our study, however, 
only three patients with the rheumatic and 
cardiac syndromes had positive Clq-binding 
or conglutinin tests, suggesting circulating 
immune complexes, and two of them had no 
platelet aggregation. Furthermore, platelet 
aggregating activity was not associated with an 
increase in acute phase reactants, which were 
normal in eight of the 13 patients with platelet 
aggregating activity. Neither was there a rela- 
tion with increased immunoglobulin concen- 
trations, which were found in only two of the 24 
patients in this group. 

Our observations need to be confirmed by 
other in vitro and in vivo tests of platelet 
aggregation and the cause of this activity must 
be elucidated. In theory, tbe platelet aggregat- 
ing activity could be related to serum factors 
that can increase the stickiness of platelets and 
facilitate their adhesion to the vessel wall.? 
Platelet derived growth factor locally released 
by activated or,damaged platelets may be 
involved in the intimal proliferation that has 
been found in patients with HLA-B27 
associated disease.'*’'* A similar process may 
lead to vascular proliferative lesions in different 
diseases.» 

Serum: samples from six of the HLA-B27 
positive patients with rheumatic and cardiac 
disease. also contained cryoglobulins. Mixed 
cryoglobulins are commonly encountered in 
various types of vasculitic disorders," but none 
of our patients had clinical or immunological 
signs supporting a diagnosis of systemic lupus 
erythematosus or other autoimmune diseases. 
Two patients with cryoglobulins gave a history 
of Raynaud-like symptoms, however. 

We found that immunochemical abnor- 
malities were common in all groups. This 
accords with a recent report of antinuclear 
antibodies in 54% of 65 patients with atrio- 
ventricular block and in 47% of 45 patients 
with. sick sinus syndrome, -all of them with 
pacemakers.” 

We based the diagnosis of rheumatoid dis- 
ease in patients with the HLA-B27 allele on the 
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presence of one or more of the most typical 
clinical manifestations: radiographically 
verified sacroiliitis, Reiter’s disease, and acute 
anterior uveitis. We grouped the HLA-B27 
associated syndromes together because of (a) 
the considerable clinical overlap in individuals 
and within families; (b) the various disease 
manifestations or tissue disorders show 
separate association with HLA-B27?55; (c) the 
similarity of the heart manifestations in 
patients with different B27 associated 
rheumatic and ocular disorders, and the fact 
that in white men the combination of clinically 
significant bradycardia and pure aortic valve 
regurgitation is basically an  HLA-B27 
associated syndrome with 88% of the patients 
being HLA-B27 positive’; (d), and histo- 
pathological changes are similar in periarticular 
and non-articular tissues." ' None the less, the 
HLA-B27 allele is not a diagnostic criterion in 
the disorders listed above, and disease pro- 
cesses not associated with HLA-B27 may lead 
to similar clinical manifestations. All the 
patients in group 1 had the rheumatic and/or 
ocular manifestations associated with HLA- 
B27. Six of seven patients with rheumatoid 
factor in group 1 had radiographically con- 
firmed sacroiliitis or spondylitis or both. The 
seventh patient had a titre 1/20. Furthermore, 
other criteria of rheumatoid arthritis were not 
found in these patients. We therefore firmly 
believe the rheumatoid factor was coincidental. 
Presumably the disease process associated with 
HLA-B27 was also the underlying cause of the 
cardiac disease in these patients. No other 
cause was found, and there was histopatho- 
logical evidence to support this assumption in 
three patients.’ 

We cannot regard the presence of cardiac 
disorders as evidence of a particularly severe 
inflammatory process in our patients because 
the severity of joint disease does not parallel the 
cardiac manifestations.’ Furthermore, 
because up to 20% of patients with ankylosing 
spondylitis. have either high degree atrio- 
ventricular block or aortic regurgitation,” 
earlier studies of immunochemical serum fac- 
tors must surely have included patients with 
these cardiac manifestations. 
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Double blind crossover comparison of the effects 
of dual chamber pacing (DDD) and ventricular 
rate adaptive (VVIR) pacing on neuroendocrine 
variables, exercise performance, and symptoms in 


complete heart block 


K G Oldroyd, A P Rae, R Carter, C Wingate, S M Cobbe 


Abstract 

Objective—To compare the effects of 
dual chamber pacing (DDD) and ven- 
tricular rate adaptive pacing (activity 
sensing) (VVIR) in patients with com- 
plete heart block. 

Design—Double blind crossover com- 
parison with one month in each pacing 
mode. . 

Patients—10 consecutive patients aged 
23-74 presenting with complete 
anterograde atrioventricular block at 
rest and on exercise and with an intact 
atrial rate response received Synergyst I 
(Medtronic) pacemakers. 

Main outcome measures—Symptom 
scores, maximal exercise performance 
on a treadmill, and the plasma concen- 
trations of atrial natriuretic peptide, 
adrenaline, and noradrenaline. 
Results—No significant differences were 
identified between pacing modes in 
symptom scores for dyspnoea, fatigue, 
and mood disturbance; exercise time; 
and maximal oxygen consumption. One 
patient with intact ventriculoatrial con- 
duction developed pacemaker syndrome 
during VVIR pacing. Resting plasma 
concentrations of atrial natriuretic pep- 
tide were raised in complete heart block 
and were restored to normal by DDD 
pacing but not by VVIR pacing. Resting 
plasma catecholamine concentrations 
were normal in complete heart block and 
in both pacing modes. During exercise 
the increase in the concentrations of all 
three hormones was similar in both 
pacing modes. 

Conclusions—In patients with complete 
anterograde and retrograde atrioven- 
tricular block, symptoms and maximal 
exercise performance were no better 
during DDD than during VVIR pacing. 


“In most patients who need permanent 
pacemakers, symptoms and exercise perfor- 
mance are better with rate responsive pacing 
than with fixed rate ventricular pacing. This 
has been shown in comparisons with dual 
chamber (DDD) pacing'? and also with 
various sensor-driven single chamber ven- 
tricular rate responsive (VVIR) systems.*? 


However, it is not clear whether either of 
these rate responsive modes is better than the ` 
other. Because the Synergyst I (Medtronic) 
pacemaker can operate in the DDD and 
activity sensing VVIR pacing modes we were 
able to compare the effects of these. two modes 
in the same patient. 


Patients and methods 

The study was designed as a double blind 
prospective crcssover comparison of the effects 
of DDD and VVIR pacing on symptoms, 
maximal exercise capacity, and plasma con- 
centrations of adrenaline, noradrenaline, and 
atrial natriuretic peptide in complete heart 
block. It was approved by the ethics commit- 
tec of Glasgow Royal Infirmary and all 
patients gave written informed consent before 
entry. There were seven men and three 
women (mean age 56 years (range 23~-74)). 
The underlying cardiac diagnoses were 
ischaemic heart disease (two), hypertension 
(two), congenital -heart block (two), and 
idiopathic fibrosis of the conducting tissue 
(four). Only two patients were receiving car- 
diovascular drugs and treatment was not 
changed durirg the course of the study. The 
mean ejection fraction was 58% (range 40—74) 
and none of the patients had any clinical 
evidence of cardiac failure. 


STUDY PROTOCOL 

We implanted a Synergyst I (Medtronic) 
pacemaker in 10 consecutive patients present- 
ing with complete anterograde atrioven- 
tricular block at rest who were capable of 
completing an exercise protocol. We excluded 
patients with recent myocardial infarction, 
appreciable sngina- or respiratory -- disease, 
chronic atrial flutter/fibrillation, and exercise 
induced arrhythmias. 

Patients performed exercise tests before 
permanent pacing to confirm an intact atrial . 
rate response, before randomisation to 
facilitate programming of rate response in the 
VVIR mode, and after each treatment period. 
The preliminary tests also served to familiar- 
ise patients with the exercise apparatus. 
Program settings were chosen with the aim of 
allowing similar maximum ventricular rates in 
both modes. Patients were then randomised to 
either the DDD or VVIR mode for one month 


Double blind crossover comparison of DDD and VVIR pacing in complete heart block 


Figure1 Individual 
values and means (SEM) 
of symptom scores during 
VVIR (ventricular rate 
adaptive pacing) and 
DDD (dual chamber 
pacing). 


at the end of which they crossed over to the 
opposite mode for a further month. Peripheral 
venous blood samples were taken from in- 
dwelling cannulas at rest before implantation 
of the pacemaker, and at rest and after exer- 
cise after each one month period. Symptom 
questionnaires were also completed at each 
visit. All pacemaker programming and elec- 
trocardiographic monitoring during exercise 
testing was performed by one operator (CW). 
All of the exercise tests were supervised by a 
different observer (RC) who was not aware of 
the pacing mode and was screened from the 
electrocardiographic monitor during testing. 


SYMPTOM SCORES 

Symptoms were assessed at the end of each 
one month period by a self administered ques- 
tionnaire. This questionnaire was developed 
at McMaster University and has been used in 
a previous study to compare different pacing 
modes.‘ Three sets of eight questions related 
to dyspnoea, fatigue, and mood disturbance 
were answered by marking an ungraduated 
100 mm linear visual analogue scale cued with 
“very much" and “not at all". The distances 
of all the marks for each category of questions 
were summed: a maximum score of 800 was 
possible. 


EXERCISE PROTOCOL 

Maximal symptom limited treadmill exercise 
tests with concurrent measurement of res- 
piratory gas exchange were used. In our 
laboratory the limb of the breathing circuit for 
inspiration is fitted with a turbine ventilometer 
and the limb for expiration includes a mixing 
chamber from which mixed expiratory gases 
are measured by polarographic oxygen and 
infrared carbon analysers. The output of the 
ventilometer and gas analysers are processed 
by an on line microcomputer (PK Morgan 
Exercise Test System) to allow continuous 
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measurement of gas exchange and inspired 
minute ventilation. For the exercise protocol 
patients were monitored at rest for two min- 
utes to establish a steady state, then they 
performed incremental treadmill exercise at a 
fixed gradient of 10 degrees starting at one 
mile per hour and increasing by 0-5 miles per 
hour every minute. Maximal oxygen consump- 
tion’ and the respiratory anaerobic threshold? 
were determined by standard criteria. We 
used a fixed gradient because activity sensing 
pacemakers respond to increases in treadmill 
speed rather than incline.?? 


EJECTION FRACTION 

This was calculated from cross sectional 
echocardiographic images obtained in DDD 
mode. We used an area x length formula. 


ASSAYS 

Atrial natriuretic peptide was measured by 
radioimmunoassay? (normal range 5-50 
pg/ml) Catecholamines were measured by 
radioenzymatic assay! (normal values 
adrenaline «1:0 nmol/l and noradrenaline 
<5-0 nmol/l). 


STATISTICAL ANALYSIS 
To assess the distribution of the data derived 
from this study we calculated the standardised 
skewness and kurtosis of each of the variables. 
Normally distributed values were expressed as 
mean (SEM) and skewed values as the median 
(interquartile range). Paired two tailed group 
comparisons were made with Student's t 
(parametric) or Wilcoxon signed rank (non- 
parametric) tests as appropriate. p Values of 
« 0-05 were regarded as significant. 


Results 
SYMPTOMS 
Only one patient requested early crossover 
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Tablel Results (mean ( SEM)) af maximal symptom limited cardiopulmonary 


exercise testing 





Variable VVIR DDD 
Exercise nme (s) 4TT (32) 489 (31) 
Maximal oxygen consumption (ml/min/kg) 22:9 (1 4) 22 1(1 2) 
Peak ventilation (l/min) 62-7 (5 4) 58 4(6 0) 
Oxygen consumption at anaerobic threshold (ml/min/kg) 167(09) 168(09) 
Maximal carbon dioxide production nén ae 24-8 (1 8) 23 0 (1-4) 
Basal respiratory quonent 084 S 03) 0 86 (0 ie 
Peak respiratory quotient 1 06 (0 05) 1 06 (0- 


VVIR, ventricular rate adapuve pacing, DDD, dual chamber pacing. 


Figure 2. Individual 
values and means ( SEM) 
of maximum heart rate 
and exercise time on 
treadmill exercise resing 
during VVIR and DD. 
pacmg. 


from VVIR back to DDD for symptoms con- 
sistent with pacemaker syndrome. This was 
the only patient with evidence of intact ven- 
triculoatrial (VA) conduction. Nine patients 
expressed no overall preference for either 
pacing mode. In keeping with this, there were 
no significant differences in any of the three 
symptom scores between VVIR and DDD 


pacing (fig 1). 


EXERCISE PERFORMANCE (TABLE 1) 

Though the program settings were aimed at 
allowing a similar maximum heart rate in both 
pacing modes, the maximum heart rate 
achieved was significantly higher in the DDD 
mode than in the VVIR mode: 136 (4) v 117 
(3) (fig 2). Seven of the 10 patients actually 
reached their programmed upper tracking rate 
during exercise in DDD mode and reverted to 
a Wenckebach pattern of atrioventricular con- 
duction. In six this upper tracking rate was 
144 beats per minute. There was no significant 
difference between the modes in exercise time 
(fig 2), maximal oxygen consumption, or peak 
ventilation (fig 3). Oxygen consumption at 
anaerobic threshold, maximal carbon dioxide 
production, and the mean resting and peak 
respiratory quotients were also similar in both 
modes. The resting values were close to the 
expected normal values of around 0-85, 
indicating that a reasonable steady state of 
respiratory gas exchange had been achieved. 


160 -——P0-001_— 
$ 

€ 
E 
F 100 
2 
g 
i 
E 
3 
E 60 
x 
3 

0 

VVIR DDD 


Oldroyd, Rae, Carter, Wingate, Cobbe 


ATRIAL NATRIURETIC PEPTIDE (TABLE 2) 

Before pacemaker implantation seven patients 
had resting values above the normal range. 
After one month of DDD pacing only two 
patients continued to have raised concentra- 
tions of atrial natriuretic peptide and there 
was a significant fall in the median concentra- ` 
tion. No such fall occurred after VVIR 
pacing; five patients continued to have values 
above the normal range. Exercise produced 
significant rises in concentration of atrial 
natriuretic peptide in both pacing modes. 
Although the median concentration on exer- 
cise was higher in VVIR than DDD with 7/10 
v 4/10 subjects reaching concentrations above 
the normal range, the difference between the 
modes just failed to reach statistical sig- 
nificance (exact p value — 0-05). There was no 
difference between pacing modes in either the 
absolute or percentage increase in atrial 
natriuretic peptide on exercise. The patient 
with pacemaker syndrome during VVIR 
pacing had raised plasma atrial natriuretic 
peptide at rest with a substantial rise to 
196 pg/ml on exercise. In DDD mode his 
atria] natriuretic peptide concentration was 
normal at rest and remained within the 
normal range on exercise. 


CATECHOLAMINES (TABLE 2) 

Before pacemaker implantation one patient 
had a slightly raised plasma concentration of 
noradrenaline at rest (5:3 nmol/D), but other- 
wise both adrenaline and noradrenaline con- 
centrations were normal Resting concen- 
trations were all within normal limits in both 
pacing modes and there was no difference 
between modes in either the resting or exer- 
cise concentrations of adrenaline or noradren- 
aline. Though there was an overall increase in 
the concentration of both catecholamines on 
exercise in both modes, tbere was no dif- 
ference between modes in either the absolute 
or percentage increases. 
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Figure 3 | Indivudal 


exercise testing during _ 
VVIR and DDD pacing. 
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Discussion 


The contribution to cardiac output of a. 


properly timed atrial contraction diminishes 
with: increasing heart rate? ? and filling pres- 
sures.’ There were no significant differences in 
exercise capacity in earlier short term crossover 
studies of patients paced at a fixed ventricular 


‘rate similar to that achieved on exercise during 


atrioventricular synchronous pacing.”’® In 
the present within patient comparative study 
the addition of atrioventricular synchrony 
produced no. advantage over the provision of 
rate. response alone. Physiologically the PR 
interval gradually shortens during exercise as 
heart rate risés, but studies attempting to show 
that such atrioventricular interval hysteresis 
improves exercise performance during DDD 
‘pacing have produced both positive! and 
negative results.? ? In view of this, we did not 


- attempt to “optimise” the programmed atrio- 


ventricular interval. To maintain- a .1:1 
atrioventricular relation at high paced ven- 
tricular rates without atrioventricular interval 
hysteresis, it is necessary to'shorten either the 
programmed atrioventricular interval or the 
post-ventricular atrial refractory period. But 
these manoeuvres reduce: the time for atrial 


' filling and predispose the patient to pacemaker 
mediated tachycardia respectively. 


A limitation to the wider application of 
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VVIR pacing is the problem of pacemaker 
syndrome, which was seen in one patient in this 
series. This prevalence of intact ventriculo- 
atrial conduction is identical to that found in a 
similar study by Lipkin et al* Temporal ' 
variability in the integrity of ventriculoatrial 
conduction weakens the relevance of any single 
pre-implantation assessment but it is known 
that the incidence of intact ventriculoatrial 
conduction is much higher in certain patient 
groups. Thus -in sick sinus syndrome it is 
accepted that VVI pacing produces an un- 
acceptably high incidence of pacemaker syn- 
drome and that atrial or dual chamber pacing, 
which avoids this problem, is preferable.” 
However, in patients with complete antero- 
grade and retrograde heart block DDD pacing 
seems to confer no benefit over VVIR in terms 
of symptoms or exercise performance. 
Asynchronous atrial contraction, as occurs in 
complete heart block, raises intra-atrial 
pressure and stimulates the release of atrial 
natriuretic peptide.” We found raised 
concentrations in most of our patients before 
pacemaker implantation. Dual chamber pacing 
in complete heart block restores atrial 
natriuretic peptide concentrations to normal in 
most patients and this has been offered as 
evidence of the physiological nature of this 
mode.” By contrast, VVIR pacing did not 


Table 2 Neuroendocrine variables (: median (interquartile range )) in study patients 


VVIR . DDD 
e Change on Change on 
Pre-unplant ^ Rest Exercise exercise ( 96) Rest Exercise exercise (9€) 
Atrial natriuretic peptide 66 52 114* 61 aT 40* 76 
i ml) Pu (38-80) (20-73) (38-196) (38-168) (15-33) (18-76) (39-125) 
, Adrenaline (nmol/l) 0-20 0-10 0 40 186 x 009 0 75* 566 
P4 - (0 10-0 35) (007-0-40) (0-20-0-70) (0-400) (006—0-25) (040-145) (195-1025) 

Noradrenaline (nmol/l) 14 G 15 42 50 20 7* 366 

` (08-26), (0 3-3-0) (0 5-7-0) (0-204) (1 8-2-4) (4 7-122) (123-453) 





p< 0-05 v resting value; tp < 0 05 v pre-implanit and VVIR values. 
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restore normal concentrations. It has 
previously been shown that atrial natriuretic 
peptide concentrations rise on exercise? ™ and 
during ventriculoatrial pacing.” By providing 
higher ventricular rates on exercise, VVIR 
pacing increases the frequency of asyn- 
chronous atrial contraction, which may result 
in an augmented rise in atrial natriuretic 
peptide on exercise even in the absence of intact 
ventriculoatrial conduction. We did find a trend 
towards higher concentrations on exercise in 
the VVIR mode than in the DDD mode (exact 
p value — 0-05), but there was no difference 
between modes in either the absolute or 
percentage change on exercise. As in published 
reports, our only patient with pacemaker 
syndrome during VVIR pacing had very high 
plasma concentrations of atrial natriuretic 
peptide.” However, the relevance of this find- 
ing to the vasomotor changes and symptoms of 
pacemaker syndrome remains unclear.“ 

In patients with impaired ventricular 
function cardiac release of noradrenaline on 
exercise is higher during VVI pacing than 
during atrial synchronous pacing. This 
accounts for the much greater increases in 
stroke volume on exercise seen in VVI mode 
and partly offsets the lack of a rate response.” 
Though we only measured peripheral venous 
catecholamine concentrations, our results 
suggest that VVIR pacing is not associated with 
undue activation of the sympathetic nervous 
system either at rest or on exercise. 

Single chamber ventricular pacemakers are 
easier and cheaper to implant than DDD 
systems and they avoid the problems of atrial 
lead displacement, atrial malsensing, and 
cross-talk. They can continue to provide rate 
response if atrial fibrillation or chronotropic 
incompetence develop. A potential disadvan- 
tage of VVIR pacing is the possible increased 
incidence of the development of atrial fibrilla- 
tion with its attendant risk of thromboembol- 
ism. However, though this has been shown to 
be relevant in patients with sinus node dis- 
ease,?? in theory it is less of a problem in 
patients with retrograde atrioventricular block. 
Our data indicate that it would be appropriate 
to consider VVIR activity sensing pacemakers 
or other single chamber rate-variable systems 
to provide rate response in patients with com- 
plete anterograde and retrograde heart block 
and preserved ventricular function. Further- 
more, it may not be necessary to have a policy 
of repeatedly exercising and reprogramming 
these patients in an attempt to obtain the 
maximum rate response out of the system. 
Indeed, perhaps the most interesting finding of 
this study is that despite a lower maximum 
heart rate in VVIR mode, comparable levels of 
symptoms and exercise performance to DDD 
pacing were achieved with only one or in some 
cases no adjustment to the nominal program 
settings. It may be that adaptive mechanisms 
permit the maintenance of tissue oxygen 
delivery during VVIR pacing despite lower 
heart rates. These mechanisms remain specu- 
lative but could involve neuroendocrine 
mediated alterations in cardiac loading and/or 
contractile function leading to increases in 
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stroke volume. In the minority of patients with 
complete heart block and intact ventriculoatrial 
conduction it is probably better to avoid the 
risk of pacemaker syndrome by establishing 
atrial synchronous ventricular pacing. It 
remains to be determined whether other 
groups such as older patients and those with 
angina, significantly impaired ventricular 
function, and/or overt cardiac failure benefit 
from DDD pacing. 
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Aspirin 

The success of quinine from 1630 onwards in 
treating malaria led to its use in other febrile 
conditions. So when the Reverend Edward 
Stone in 1763 noticed that powdered bark of 
the willow tree, Salix species (Salicaceae), had 
a bitter taste like quinine he used it as a 
substitute for the expensive imported cinchona 
bark. Its active principle—salicin, which is 
converted into salicylic acid in the body—was 
isolated in 1830 and introduced for the treat- 
ment of acute rheumatic fever by Dr Thomas 
Maclagan of Dundee in 1876. He used it in the 
erroneous belief, based on the Doctrine of 
Signatures, that because the disease was 
prevalent in cold damp localities Sahx, a 
typical marsh plant, would be nature’s remedy. 
None the less, he got the right answer. 

Salicylic acid was originally produced in 
1835 from salicylaldehyde found in Spiraea 
ulmaria, now Filipendula ulmaria (Rosaceae), 
the meadowsweet. It became freely available 
only with the development of a synthetic 
process in 1874. Its use as an “internal anti- 
septic” in typhoid fever revealed its antipyretic 
property. This, together with Maclagan’s 
work, led to its use in rheumatic fever and other 
rheumatic diseases. 

After gastric irritation prevented his father 
from taking sodium salicylate to treat his 
chronic arthritis Felix Hoffman, a chemist with 
the Bayer Company, produced acetylsalicylic 
acid in 1899 (it had been synthesised elsewhere 
in 1853). He gave it the trade name Aspirin (a 
for acetyl; spir for spiraea; and in, a common 
ending for drugs). This is now the generic 
name. 

The family Salicaceae consists mainly of 
trees and shrubs from the northern temperate 
region and has only three genera. The Rosaceae 
are more numerous (over 100 genera and 3000 
species) and more widely distributed. They 
vary from trees to herbs and include apples, 
plums, and strawberries. Some of the Rosaceae 
species yield vitamin C but otherwise neither 
the Rosaceae nor the Salicaceae contain other 
important medicines. 
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Diastolic disease in left ventricular hypertrophy: 
comparison of M. mode and Doppler 
echocardiography for.the assessment of rapid 


ventricular filling 


, 


CH Lee, J.C Hogan, D'G Gibson 
Abstract 
Objective—To investigate possible 


discrepancies between M mode and 
Doppler echocardiography in assessing 
early diastolic filling. 

Design—Forty seven patients with left 
ventricular hypertrophy due to aortic 
stenosis and 26 healthy controls with a 
similar age range were studied by M 
mode, Doppler, apexcardiography, and 
phonocardiography. The patients also 
underwent cardiac catheterisation. M 
mode echograms were digitised by a 
computer. Early diastolic filling in both 
groups as assessed by the two techniques 
was compared. 

Setting—A tertiary cardiac referral 
centre with facilities. for non-invasive 
and invasive investigations. 

Subjects—Patients referred for assess- 
ment of aortic stenosis who had left ven- 


* tricular hypertrophy. 


Main outcome measures—Filling 
velocities on Doppler and rates of wall 
thinning and dimension increase on M 
mode. 

Results—Digitised M mode indices of 
diastolic filling (peak wall thinning rate 
6:4 (3:0) v 10-0 (3:0) cm/s and peak rate of 
dimension increase 9:3 (3-3) v 16 (4:5) 
cm/s) in the patients and controls were 
consistently different. In contrast, the 
Doppler A/E ratio and peak E wave 
velocity were not; they varied widely 
among patients with left ventricular 
hypertrophy. In part, this variability was 
because the Doppler A/E ratio,.but not 
the digitised M mode indices, was very 
sensitive to the abnormalities of 
isovolumic relaxation frequently present 
in left ventricular hypertrophy. The 
Doppler AJE ratio varied similarly with 
age in both normal and hypertrophied 
hearts; in the patients with ventricular 
hypertrophy the peak rate of dimension 
increase depended on age only, whereas 
the thinning rate was independent of age 
in both the patients and controls. Neither 
the AJE ratio nor the M mode indices 
could be related to the left ventricular 
end diastolic pressure or the peak aortic 
pressure difference. 

Conclusions—When Doppler and M 


mode techniques are used to assess rapid 
filling in patients with left ventricular 
hypertrophy the M mode indices are 
more consistently abnormal. The two 
methods measure different aspects of left 
ventricular diastolic function and should 
be regarded as complementary rather 
than interchangeable. 


All phases of diastole can be abnormal in 
left ventricular hypertrophy. Particularly 
prominent is a reduced rate of rapid early 
diastolic filling, which has been assessed both 
by Doppler and digitised M mode tech- 
niques.!? Because the physical basis of these 
techniques is different the information they 
give may not be the same, particularly as a 
recent comparison during isovolumic relaxa- 
tion found major discrepancies between the 
two techniques?) We therefore examined 
possible differences in their performance in 
assessing rapid filling in a homogeneous group 
of patients with left ventricular hypertrophy 
due to aortic stenosis and compared the 
results with those from healthy controls of a 
similar age range. 


Patients and methods 

STUDY POPULATION 

We studied 47 patients (24 men, 23 women, age 
14—82) with left ventricular hypertrophy (end 
diastolic posterior wall thickness greater than 
I-d cm). All had clinical and investigative 
evidence of important aortic stenosis and were 
being considered for aortic valve replacement. 
Cardiac catheterisation and coronary angio- 
graphy were undertaken as part of the 
preoperative assessment. All patients were in 
sinus rhythm and none had a dilated left 
ventricle (end diastolic dimension > 6 cm). 
Twenty six healthy controls (18 men, eight 
women, age 20-82) underwent similar non- 
invasive examinations. 


M. MODE ECHOCARDIOGRAPHY 

M mode echograms of the mitral valve and left 
ventricle were recorded with a 3-0 MHz trans- 
ducer and ATL Imager Mk 300I equipment. 
'The left parasternal long axis view was used 
with the patient in the left lateral position. 
Phonocardiograms and  electrocardiograms 
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Figure 1 M mode 
echogram of the left 
ventricle from a patient 
with left ventricular 
hypertrophy secondary to 
aortic stenosis, showing 
aortic valve closure (A,} 
on the phonocardiogram 
and mitral cusp separation 
( MVO) on the M mode. 


Figure 2. Digitised M 
mode echocardiogram 
showing the original 
digitised echogram, and 
plots of left ventricular 
dimension, rate of change 
in dimension ( dDídt) , and 
rate of change in wall 
thickness ( dW'idt). The 
two vertical lines 
correspond to the time of 
aortic valve closure (A,) 
and mitral cusp separation 
( MVOJ. 





were recorded simultaneously by a Honeywell 
recorder at a paper speed of 10 cm/s. Only 
records showing clearly the point of mitral cusp 
separation and continuous echoes from both 
the septum and posterior wall were used for 
analysis (fig 1). Aortic valve closure (A,) was 
taken as the onset of the first high frequency 
vibration of the second heart sound recorded 
on the phonocardiogram and was checked with 
the aortic echograms and the aortic closure 
artefact on Doppler recordings. The 
isovolumic relaxation time was measured as the 
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interval from À, to the initial separation of the 
mitral cusps. The thickness of the septum and 
posterior wall and the left ventricular internal 
dimension were measured at end diastole. The 
radius to thickness ratio was obtained by divid- 
ing half the left ventricular dimension by the 
average wall thickness.’ 

Echocardiograms were digitised’ and the 
peak rates of posterior wall thinning during left 
ventricular relaxation (dW /dt) and the increase 
in left ventricular dimension (dD/dt) deter- 
mined. The intervals from A, to peak dD/de 
and from minimum cavity dimension to mitral 
valve opening were measured and the increase 
in transverse cavity dimension during that 
period expressed as a percentage of the total 
dimension change during the cardiac cycle (ig 
2). 

An approximation to left ventricular mass 
was calculated from the equation”: 

LV mass = 1:05 ([LVEDD + PW +IVSP 
~ LVEDD?) —14 grams 

where LVEDD is the left ventricular end 

diastolic dimension (cm) and PW and IVS are 

the posterior wall and septal thickness in end 

diastole (cm), respectively. We used the leading 

edge for all measurements. 


DOPPLER ECHOCARDIOGRAPHY 

Doppler recordings were made with Doptek 
equipment and a 2-0 MHz transducer. Forward 
transmitral flow was recorded in al! patients. 
Peak mitral flow velocity was initially identified 
by continuous wave Doppler and then recor- 
ded with pulsed mode and a 3 mra gate. A wall 
filter of 250 Hz was used in ali cases, Records 
were taken at a paper speed of 10 cm/s, again 
with simultaneous phonocardiograms and 
electrocardiograms. The peak velocities of the 
atrial (A) wave and the early (E) wave were 
recorded and their ratio (A/E rato) derived. 
The intervals from A, to peak transmitral flow 
velocity and A, to peak dD/dt were measured 
and the phase lag between the two determined. 
The peak instantaneous pressure difference 
across the aortic valve was determined in ali 
patients by continuous wave Doppler from the 
apical position. Mean values from three cardiac 
cycles were used in the analysis. 





APEXCARDIOGRAMS 

The apexcardiogram was recorded from the 
point of maximum cardiac impulse with the 
patient in the left lateral position by a 
Cambridge transducer with a time constant of 
4 seconds. The ratio of the height of the A wave 
to the total deflection (A/H) was calculated and 
the mean of three cardiac cycles recorded. 
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CARDIAC CATHETERISATION 

The patients studied required coronary 
arteriography to assess their disease and the 
aortic valve had been crossed in all of them. 
The procedure was performed via either the 
brachial or femoral artery. Pressure was recor~ 
ded before left ventricular angiography by a 
fluid filled 8F pigtail catheter attached to a 
manifold micromanometer transducer (Medex 
Medical). The left ventricular end diastolic 
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Table1 Mean (SD) values of Doppler and M mode 
measurements in patients with left ventricular 
hypertrophy 











Controls Patients 
Age (yr) 50 (17) 58 (17) 
RR intervals (ms) 930 (155) 850 (150) 
A wave (m/s) 0-54 (0-12) 0-68 (0-29)* 
E wave (m/s) 0-70 (0-18) 0-83 (0-29) 
A/E ratio 0-79 (0-28) 0-91 (0-50) 
Isovolumic relaxation time 60 (9) 65 (25) 
(ms) 
Minimum dimension to mitral 36 (22) 72 (43)* 
opening (ms) 
Percentage dimension change 5(4) 17 (10)* 
before mitral opening (ms) 
Peak dW/dt (cm/s) 10(3) 6:4 (3)* 
Peak dD/dt (cm/s) 16 (4-5) 9-3 (3-3)* 
LV end diastolic dimension 5 (0-6) 48 (1:0) 
(cm) 
Posterior wall thickness (cm) 0-86 (0-11) 1-2 (0-3)* 
Septal thickness (cm) 1-0 (0-1) 1-6 (0-4)* 
AJH ratio 0:18 (0-05) 0-27 (0-14)* 
LV mass (g) 200 (50) 325 (145)* 
Phase lag (ms) 68 (14) 66 (30) 
Radius/thickness ratio 2:7 (0:4) 1-78 (0-6)* 
*p « 0-01. 


pressure was taken as the point on the diastolic 
waveform at the onset of the QRS complex on 
the simultaneously recorded electrocardio- 
gram. The mean of 10 cardiac cycles was 
recorded. All studies were done within 48 
hours of the echocardiographic examination. 


STATISTICAL ANALYSIS 

Values are quoted as mean (SD). Relations 
between variables were analysed by least 
squares linear regression. Patients with left 
ventricular hypertrophy were, in addition, 
divided into three groups according to the A/E 
ratio (> 0:9,0-6—0-9, < 0-6). The range 0-6-0-9 
was used as an approximation of the 9994 
confidence limit of our normal range (0-63- 
0-94). Student's unpaired 1 test was used to 
compare group mean values. 


Results 
Tables 1 and 2 show mean values of the 


measurements. 
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M MODE MEASUREMENTS AND GENERAL DATA 
Left ventricular mass (325 (145) v 200 (50) g 
and wall thickness were, by definition, 
increased in patients with left ventricular 
hypertrophy. Relaxation was very incoordinate 
in hypertrophied hearts compared with 
normal, as shown by the long interval from 
minimum cavity dimension to mitral valve 
opening (70 (45) v 35 (20) ms) and a large 
increase in transverse dimension before the 
mitral valve was opened (17 (10) v 5 (4) %). 
The A/H ratio on the apexcardiogram was 
higher in the hypertrophy group (0-27 (0-14) v 
0-18 (0-05). There were no significant dif- 
ferences in mean age, RR interval, isovolumic 
relaxation time, and phase lag between the 
patients and the controls. 

Coronary arteriography was normal or 
showed minor irregularities only in 35 patients 
but in 12 the disease was severe enough to 
warrant coronary artery grafting. Patients with 
coronary artery disease were older (65 (8) v 56 
(19) years) than those without and their 
isovolumic relaxation time was longer (80 (25) v 
60 (20) ms, p < 0-05). There were no other 
significant differences. Specifically, neither the 
interval from minimum cavity dimension to 
mitral valve opening (75 (40) v 70 (45) ms) nor 
the percentage change in transverse dimension 
before mitral valve opening (18 (12) v 16 (10) 
%) was different in the patients with coronary 
artery disease and those without. 


SPECIFIC DIGITISED M MODE INDICES 

Peak dD/dt (16 (4-5) v 9-3 (3:3) cm/s) and peak 
dW /dt (10-0 (3-0) v 6-4 (3:0) cm/s) were both 
significantly lower in patients with aortic sten- 
osis than in the controls. They were consis- 
tently abnormal in hypertrophied hearts, even 
when the A/E ratio was apparently normal. 


DOPPLER MEASUREMENTS 

As a group, patients with left ventricular 
hypertrophy had a higher mean A wave 
velocity (0-68 (0:29) v 0:54 (0-12) m/s). 
However, the mean values for the A/E ratio and 
peak E wave velocity were not significantly 


Table 2. Subgroup analysis of patients with left ventricular hypertrophy 





Left ventricular hypertrophy 











Dominant E Dominant A Normal 

(AJE < 0-6) (AJE > 0-9) (06 < AJE < 0-9) 
Variable n= 11) (n = 19) (n = 17) 
Age {yr} 48 (9t 68 (8) 56 (18) 
RR interval (ms) 810 (90) 880 (160) 830 (170) 
A wave (m/s) 0-39 (0:24)*+ 0-84 (0-22) 0-70 (0-24) 
E wave (m/s) 10 (024)*f 0-62 (0.13) 0-95 (0-30) 
AJE ratio 0.37 (0-22)*t 138 (0.39 0-73 (0-09) 
Isovolumic relaxation time (ms) 39 (23)*t 80 (15) 64 (22) 
Minimum dimension to mitral opening (ms) 49 (21)* 96 (43) 51 (33) 
Percentage dimension change before mitral opening (ms) 12 (10)* 21 (10) 15 (8) 
Peak dW /dt (cm/s) 56 (29) 59 (24) 75 (40) 
Peak dD/dt (cm/s) 10:3 (3-1)* 74 (2-7) 10-6 (3-4) 
Left ventricular end diastolic dimension (cm) 53 (1-0)* 44 (08) 48 (L1) 
Posterior wall thickness (cm) 12 (0-4)* 13 (03) L3 (04) 
Septal thickness (cm) 13 (0-4)* 18 (02) 15 (05) 
AJH ratio 0-31 (0-16) 021 (0-1) 0:30 (0-14) 
Left ventricular end diastolic pressure (mm Hg) 25 (10) 20 (9) 22 (6) 
Peak aortic pressure difference (mm Hg) 70 (29) 60 G0) 66 (25) 
Left ventricular mass (g) 320 (95) 320 (60) 330 (75) 
Phase lag (ms) 58 G0)* 92 (30) 48 (34) 


*p < 0-05 v group with dominant A wave; 
tp < 0-05 e group with normal A/E ratio. 
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Figure 3 Pulsed Doppler recordings of transmitral flow velocity from two patients with left ventricular hypertrophy owing to aortic stenosis, showing 
the wide variation in AJE ratio in this condition. ( A) A dominant A wave and ( B) a dominant E wave. Full scale deflection is 4 kHz. 


different in the controls and patients with left 
ventricular hypertrophy. 

The Doppler A/E ratio varied widely in 
patients with left ventricular hypertrophy, 
ranging from a dominant E wave to a dominant 
A wave (fig 3). To investigate possible underly- 
ing factors, we divided the patients into three 
groups according to the A/E ratio, depending 
on whether it is greater, less than, or within the 
99% confidence interval of normal. The group 
with a dominant E wave were younger (48 (19) 
v 68 (8) years), had a shorter isovolumic 
relaxation time (39 (23) v 80 (15) ms), a shorter 
interval from minimum cavity dimension to 
mitral valve opening (49 (21) v 96 (43) ms), a 
higher peak rate of dimension increase in early 
diastole (10-3 (3-1) v 7-4 (2-7) cm/s), a larger 
cavity size at end diastole (5:3 (1:0) v 4-4 (0-8) 
cm), a thinner septum (1-3 (0-4) v 1-8 (0-2) cm), 
and a smaller phase lag between dimension 
increase and transmitral flow (58 (30) v 92 (30) 
ms) than those with a dominant A wave (all p 
values « 0-05). The peak rates of posterior wall 
thinning and dimension increase were consis- 
tently abnormal across the three groups and 
there were no significant differences between 
them. The same applied to left ventricular end 


Table 3 Regression analysis for patients with left ventricular hypertrophy 








E wave Peak Peak 
Variable AJE ratio velocity dD/dt dW dt 
Dimensions 
Left ventricular end diastolic dimension NS NS NS NS 
Radius to thickness ratio NS NS NS NS 
Left ventricular mass NS NS NS 
Isovolumic relaxation events 
Isovolumic relaxation time p«001 p<001 NS NS 
(3095) (27%) 
Interval from minimum cavity dimension p<001 NS NS NS 
to mitral valve opening (50%) 
Percentage dimension change before p*001 NS NS NS 
mitral opening (22%) 
Age p«001 NS p«001 NS 
(16%) (35%) 
Loading conditions 
Left ventricular end diastolic pressure NS NS NS NS 
Peak left ventricle — aorta pressure difference NS NS NS NS 





*Figures in brackets are the values for r°. 


diastolic pressure, A/H ratio on the apex- 
cardiogram, and the peak instantaneous aortic 
pressure difference. 


REGRESSION ANALYSIS 
(TABLES 3 AND 4) 

Age 

The A/E ratio depended on age in both the 
controls and the patients with hypertrophied 
hearts; the regression equations for the two 
groups were indistinguishable. The AJE ratio 
thus varied with age in the same way in the 
normal and hypertrophied hearts. 

In contrast, peak dD/dt was unrelated to age 
in the controls, but was sensitive to age in those 
with left ventricular hypertrophy, Peak dW /dt, 
though, was independent of age in both groups. 


BETWEEN VARIABLES 


Isovolumic relaxation events 

In patients with left ventricular hypertrophy 
the A/E ratio also correlated with events during 
isovolumic relaxation (isovolumic relaxation 
time, interval from minimum dimension to 
mitral opening, and percentage dimension 
change before mitral opening) and the E wave 
velocity correlated with the isovolumic relax- 
ation time. 

The peak rates of dimension increase (dD, 
dt) and wall thinning (dW /dt) by contrast were 
independent of events during isovolumic relax- 
ation in both the normal and hypertrophied 
hearts. 


Loading conditions 

'The Doppler A/E ratio, peak E wave velocity, 
and the digitised M mode indices (peak dD/dt, 
dW jdt) were independent of the left ventricular 
end diastolic pressure and the peak instant- 
aneous aortic pressure difference. 





Geometrical dimensions 

Left ventricular end diastolic dimension, left 
ventricular mass, and radius to thickness ratio 
did not affect Doppler A/E ratio, E wave 
velocity, peak dD/dt, or peak d'W dt. 
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Table 4 Significant regression equations* 











y x Slope Intercepts r 
Controls 
AJE Age 0-012 (0-0023) 0-18 (0-12) 54% 
E Age ~0-0073 (0-0016) 107 (0-090) 51% 
Lefi ventricular hypertrophy 

AJE Age 0-012 (0:0042) 0-20 (0-25) 16% 

AJE Isovolumic relaxation time 0-0092 (0-0022) 0-28 (0-16) 30% 

AJE Interval from minimum dimension to 0-0083 (0-0014) 0-37 (0-11) 50% 
mitral opening 

AJE Percentage dimension change before 0-022 (0-0076) 0:51 (0-15) 22% 
mitral opening 

E Isovolumic relaxation time — 0-0057 (0-0015} 1-21 (0-10 28% 

*p « 0-01. 


Discussion 

For some years it has been realised that 
diastolic as well as systolic function may be 
abnormal in left ventricular disease and that it 
is possible to quantify such disturbances non- 
invasively. An early criterion was the diastolic 
closure rate of the normal mitral valve, as 
detected by M mode echocardiography. While 
this was undoubtedly reduced in patients with 
various ventricular diseases, as a measurement 
it proved to be multifactorial and difficult to 
determine unambiguously, so its use in this 
way has been effectively abandoned. A second 
approach was to observe the rates of increase of 
cavity dimension and wall thinning by digitis- 
ing M mode echocardiograms. This proved 
effective in delineating disturbed early diastolic 
function in several conditions, including left 
ventricular hypertrophy," where the rate was 
reduced, and coronary artery disease, where 
wall motion appeared incoordinate." These 
findings were validated by contrast angio- 
graphy,'' and confirmed by radionuclide” 
angiography. As cross sectional echocardio- 
graphy has developed, however, and in par- 
ticular as colour flow Doppler has appeared, M 
mode echocardiograms are recorded less and 
less frequently. The method is held to be time 
consuming and some find it difficult to obtain 
records of adequate quality for digitisation." 

During the same period, Doppler methods 
have been used more widely. They also allow 
early diastolic function to be inferred from the 
velocity of inflow into the ventricle, either in 
absolute terms, or, more commonly, as the ratio 
of velocity during atrial systole to that in early 
diastole (A/E ratio). In view of the M mode and 
other findings, it is not surprising that these 
Doppler measurements are also abnormal in 
patients with left ventricular hypertrophy. 
Peak early diastolic filling velocity was reduced 
and the A/E ratio increased. It seems that the 
two approaches measure the same disturbance, 
and so could be used interchangeably, with 
Doppler displacing M mode altogether. We 
designed the present study to examine whether 
this was so. 

Despite their superficial similarity, our 
results show clear differences between methods 
based on M mode and Doppler when they are 
used to assess events during early diastole. 
Digitised M mode echocardiographic indices 
were consistently abnormal in patients with left 
ventricular hypertrophy, whereas those based 
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on Doppler, either peak E wave velocity or A/E 
ratio, were not. In addition, the Doppler 
measurements, particularly A/E ratio, proved 
to be remarkably sensitive to events during 
isovolumic relaxation. When this was pro- 
longed and incoordinate, due either to left 
ventricular hypertrophy or associated coronary 
artery disease, the peak E wave velocity fell and 
there was a shift in the proportion of the stroke 
volume entering the ventricle away from early 
diastole towards atrial systole. By contrast, the 
peak rates of dimension increase or wall thin- 
ning were unrelated to what had occurred 
during isovolumic relaxation. Finally, both 
groups of measurements were sensitive to age, 
but in a different way. A/E ratio increased to the 
same extent with age both in the controls and 
patients with aortic stenosis, whereas M mode 
based measurements in the controls were 
apparently insensitive to age. Age did, 
however, affect the M mode measurements in 


patients with aortic stenosis. It is clear,. 


therefore, that the two types of measurement 
perform quite differently in this group of 
patients with left ventricular hypertrophy 
caused by a single, clearly defined entity (aortic 
stenosis), and therefore that they cannot be 
taken to be interchangeable. 

If Doppler and M mode did indeed both 
measure early diastolic left ventricular filling 
rate, these differences would be hard to explain. 
However, both assess it only indirectly. 
Doppler echocardiography measures a peak 
velocity rather than a filling rate, and M mode 
measures a dimension rather than a volume. It 
is thus likely that in these indirect relations lies 
the explanation of our apparently conflicting 
results. Filling rate is related to blood velocity 
by cross sectional area; there is though no 
reason to suppose that this is consistently 
abnormal in patients with left ventricular 
hypertrophy unless the cavity shape is very 
distorted. It has previously been shown, 
however, that discrepancies between changes 
in cavity dimension and cavity volume are 
particularly obvious during early diastole. 
They are caused by a change in cavity shape 
with part, or even all the diastolic increase in 
cavity dimension occurring before mitral valve 
cusp separation and thus in the absence of 
volume change." In these circumstances, the 
rapid early diastolic dimension increase and 
wall thinning measured by M mode echo- 
cardiography may still occur normally, and 
should thus be regarded as manifestations of an 
autonomous process normally coupled to fill- 
ing. Rapid dimension increase and particularly 
rapid wall thinning may thus be a direct cause 
of rapid filling; they certainly do not depend on 
it. Even in healthy controls, the cavity dimen- 
sion consistently leads flow velocity as 
measured by Doppler, again showing that it 
can potentially be separated from filling rate.' It 
was thus of interest that peak dimension 
increase and wall thinning rate proved so much 
more sensitive than Doppler in detecting dis- 
turbed rapid filling in patients with left ven- 
tricular hypertrophy. 

The lack of sensitivity of the most commonly 
used Doppler measurement of ventricular dia- 


ee 


stolic function, the A/E ratio, seemed to have 
several causes. Though it was related to age, 
this relation was less strong than for the M 
mode measurements, and so could not have 
been the only cause of the very wide scatter 


-seen in the patients with left ventricular hyper- 


trophy. In patients with a dominant E wave, 
cavity size tended to be greater and wall 
thickness less, while isovolumic relaxation was 
shorter. This was not due to -a high left 
ventricular end diastolic pressure. In approx- 
imately one third of patients the A wave was 
abnormally small or absent. T'his might suggest 
“left atrial failure", possibly because of chron- 
ically raised left atrial pressure. However, the 
relative height of the A wave on the apex- 
cardiogram was normal or even increased in 
these patients, showing that left atrial mechan- 
ical activity was intact. The combination of a 
normal increase in atrial pressure as reflected in 
the apexcardiogram” with a lower than normal 
increase in volume thus strongly suggest that 
end diastolic.left ventricular compliance was 
reduced in some patients with left ventricular 
hypertrophy. No such effect could be identified 
as influencing the M mode measurements. 

At first sight, it is surprising that neither of 
the two sets of measurements were sensitive to 
loading conditions, as assessed by left 
ventricular end diastolic pressure. Not only is 
there much experimental evidence to suggest 
that such a relation should exist," but, more 
importantly, it should follow directly from the 
physics of flow. Blood flow velocity, however, is 
not directly proportional to end diastolic 


pressure, but. depends on Newton’s Laws of . 


motion. Blood velocity accelerates in response 
to a force, expressed in a liquid as a pressure 
gradient with the physical dimensions of mm 
Hg per cm. During early diastole, the pressure 
gradient is changing very.rapidly as atrial and 
ventricular pressure approach one another. It is 
also affected by ventricular restoring forces, 
which effectively lower left ventricular pressure 
and are asyrametrically distributed throughout 


the ventricle. Rather than a simple pressure 


difference, therefore, pressures are likely to vary 
not only with time, but also in space, across the 
ventricular inflow. Finally, the pressure 
gradient relates to blood acceleration not blood 
velocity; velocity depends also on the time over 


which the acceleration has operated as well as- 


on acceleration itself.. It would thus -be 


simplistic to suppose that these complex 


physical determinants of early diastolic flow 
could possibly be described by a single value of 
end diastolic pressure. It is thus not surprising 
that our results show no relation between the 
two. The absence of such a relation does not, of 
course, prove that blood flow is independent of 
loading conditions, but it does show that the 
appropriate loading conditions in humans are 
difficult to measure. If the early diastolic 
increase in transverse dimension and fall in wall 
thickness are autonomous processes, as sugges- 
ted above, then one would not expect them to 
be related even to appropriate measures of 
loading conditions. Indeed, if they are related 
to restoring forces, they will contribute to the 
overall atrioventricular pressure gradient. For 
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these quite different reasons, we were not 
surprised at finding no relation between left 
ventricular end diastolic pressure and either of 
our two sets of measurements. 

Our results suggest that the relation between 


- age-and diastolic function in patients with left 


ventricular hypertrophy may be more complex 
than has previously been supposed.? In 
healthy controls M mode measurements did 
not depend on age; the relation seen in the 
patients with left ventricular hypertrophy, 
therefore, might be because in older 
individuals the hypertrophy has been more 
long standing and its functional disturbances 
more severe. This would imply that the natural 
course of left ventricular outflow tract obstruc- 
tion is longer in the elderly, an assumption for 
which there is no evidence. Alternatively, the 
response to hypertrophy when the heart 1s 
young may differ from that when it is old. The 
Doppler results also give some support to this 
idea. Patients with lower A/E ratios were 
younger and though their ventricular mass was 
identical their cavity size was larger, and, in 
particular, late diastolic filling was often res- 
tricted. It is thus possible that the slowly filling 
ventricle with a prolonged isovolumic relax- 
ation time and an accentuated A wave on 
Doppler is a feature not of hypertrophy alone, 
but -of hypertrophy in the elderly. Younger 
patients seem to respond to hypertrophy with a 
more restrictive filling pattern. The peak early 
inflow velocity is maintained but that in late 
diastole falls, so the A/E ratio is low. 

Our results thus show that M mode and 
Doppler measurements of early diastolic func- 
tion are not identical in patients with left 
ventricular hypertrophy secondary to aortic 
stenosis. M mode measurements seemed more 
specific, in being unaffected by events during 
isovolumic relaxation and in discriminating 
more completely between normal and abnor- 
mal. They are less directly related to early 
diastolic transmitral flow rate, but may well 
reflect processes within the: ventricular wall 
which underlie the restoring forces. Since 
ventricular filling is closely related to the effects 
of restoring forces, the two approaches to 
assessing early diastolic function can therefore 
be regarded as complementary rather than 
exclusive or interchangeable. Their combined 
use, especially with other non-invasive meth- 
ods, is likely to be much more productive than 
that of either alone. 
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Sensitivity and speed of colour Doppler 
flow mapping compared with continuous 
wave Doppler for the detection of 


ventricular septal defects 


David T Linker, Ole Rossvoll, James V Chapman, Bjern A J Angelsen 


Abstract 

Twenty nine patients (aged from three 
months to 37 years) with confirmed or 
suspected ventricular septal defects were 
studied separately by three examiners 
who used colour flow mapping and 
imaging, or continuous wave Doppler 
and imaging, or a combined reference 
examination. Colour flow mapping iden- 
tified 19 of the 25 patients with a ven- 
tricular septal defect, continuous wave 
Doppler echocardiography identified 18, 
and the combined reference examination 
identified 24. Two of four patients with- 
out ventricular septal defect had a false 
positive result with colour flow mapping 
and none had a false positive result with 
continuous wave Doppler examination. 
During the reference examination con- 
tinuous wave Doppler identified 24 
patients with ventricular septal defects 
and colour flow mapping identified 23. 
In two patients a second ventricular 
septal defect was found by colour flow 
mapping, and confirmed by continuous 
wave Doppler. There was no significant 
difference in time to diagnosis between 
the two techniques. 

Colour flow mapping aids identification 
of multiple ventricular septal defects but 
is not faster and has lower specificity 
than continuous wave Doppler. A com- 
bination of the two techniques gave the 
highest sensitivity and specificity. 


Colour Doppler flow mapping gives a 
graphical display of patterns of blood flow in 
two dimensions but it can be more difficult to 
interpret and more subject to error than con- 
tinuous wave and single sample volume 
Doppler because of the large amounts of 
information displayed and the slower frame 
rate. Because it is a pulsed Doppler technique 
aliasing at high velocities causes ambiguity. 

Colour flow mapping allows screening for 
abnormal flow of the entire two dimensional 
sector whereas continuous wave and pulsed 
Doppler examine only a given direction or 
point, respectively. For this reason, it has 
been suggested that colour flow mapping 
would be helpful in screening for lesions such 
as ventricular septal defects. 


The current study was designed to compare 
the speed and accuracy of colour flow mapping 
and continuous wave Doppler for the diag- 
nosis of ventricular septal defects when both 
are used in conjunction with cross sectional 
echocardiography. 


Patients and methods 

PATIENT SELECTION 

We reviewed patient records or referrals for 
the diagnosis of suspected or actual ventricular 
septal defect and selected 29 outpatients, 
aged three months to 37 years (mean (SD) 6:2 
(8-3) years). The distribution of diagnoses was 
11 infracristal/perimembranous (one with 
moderate pulmonary stenosis) one supra- 
cristal, 10 muscular/trabecular (one associated 
with Ebstein's anomaly), two tetralogy of 
Fallot, one pulmonary atresia with ventricular 
septal defect, and four closed spontaneously or 
at operation. Patients with atrioventricular 
canal were excluded from the study. Only three 
patients had been catheterised. 


EXAMINERS 

We chose two test examiners who had more 
experience in the diagnosis of adult heart 
disease than with infants and children. The first 
test examiner was a technician with a total of 11 
years’ experience of echocardiography, ten 
years with Doppler echocardiography, and two 
with colour flow mapping, who used only cross 
sectional imaging and colour flow mapping to 
make a diagnosis. The second test examiner 
was a cardiology fellow with one year's 
experience of Doppler echocardiography, who 
used only cross sectional imaging and contin- 
uous wave Doppler to make a diagnosis. The 
third, or reference examiner, was a paediatric 
cardiologist with five years’ experience in 
echocardiography/Doppler, who used the his- 
tory, chart, physical examination, and cross 
sectional echocardiography, continuous wave 
Doppler, and colour flow mapping to reach the 
reference diagnosis. This examiner also used all 
ultrasound methods together and compared the 
optimal results with colour flow mapping and 
continuous wave Doppler. 


EQUIPMENT 

All examinations were performed with a 
mechanical, annular array, colour flow mapping 
system (CEM-700, Vingmed Sound, A/S). 


This system allows all the Doppler methods to 
be achieved with the same imaging transducer 
(3:5 MHZ) and it also allows simultaneous 
imaging and continuous wave Doppler examin- 
ation. 


EXAMINATION PROTOCOL 

Unsedated patients were examined indepen- 
dently by the test examiners. T'he examination 
was stopped when an experimental examiner 
and the reference examiner agreed that the 
diagnostic criteria were met, or after 15 
minutes. The time and diagnosis were recorded 
for each examination. If there was no con- 
clusion, an examination time of 15 minutes was 
recorded. Unlike the reference examiner, the 
experimental examiners did not have access to 
any information about the patient or the results 
of other examinations, other than that the 
patient had a suspected ventricular septal 
defect. 

After both of the experimental examiners 
completed their examinations, the reference 
examiner used all available data, and 
supplementary echocardiographic or Doppler 
examinations when necessary, to determine the 
final diagnosis. During this final examination, he 
attempted to show the lesion by both methods, 
if necessary using the other as a guide to 
determine the absolute sensitivity. 

The diagnostic criteria for a ventricular 
septal defect were as follows: for flow mapping— 
the presence of flow that clearly passed through 
the ventricular septum, systolic disturbed flow 
(“mosaic pattern") on the right side of the 
septum, or a clear defect on the imaging 
examination were each considered sufficient; 
for the continuous wave Doppler examination— 
systolic flow directed towards the transducer 
with a velocity > 3 m/s, or a clear defect on 
cross sectional echocardiography were each 
considered sufficient. These criteria for contin- 
uous wave Doppler examination would miss 
patients with high right sided pressures and a 
ventricular septal defect too small to be seen on 
Cross sectional imaging; however, none of the 
patients in the study population had this com- 
bination of features. 

The classification of the patients was based on 
a total evaluation by the reference examiner. 
But the results of the reference examination 
were based on a strict interpretation of the 
reference examiner's results using the criteria 
of the study, which meant that both false 
positive and negative results were possible. 

There were no disagreements over the diag- 
noses. In two patients the time to diagnosis was 
extended for the flow mapping examination 


Number of positive and negatrve diagnostic examinations for each combination of actual 
diagnosis ( left column) and type of examination 





Reference examiner 
Colour flow Continuous Colour flow Continuous 
mapping wave mapping wavs 
Diagnosis Pos Neg Pos Neg Pos Neg Pos Neg 
VSD 19 6 18 7 23 2 24 1 
No VSD 2 2 0 4 0 4 0 4 


VSD, ventricular septal defect 
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because a test examiner and the reference 
examiner did not agree that the diagnostic 
criteria had been met. The examiners generally 
used the parasternal and subcostal approach 
but individual examiners were free to use 
whatever view they wished. 


STATISTICAL ANALYSIS 

The times that it took to reach a diagnosis for 
each patient with continuous wave Doppler 
and colour flow mapping were compared by 
Student's paired t test. 


Results 

The table shows the diagnostic results. In 25 
patients a ventricular septal defect was the final 
diagnosis. Of these, 19 were diagnosed by 
colour flow mapping and 18 by continuous wave 
Doppler. Of the patients with a false negative 
diagnosis on both examinations, one had pul- 
monary atresia and low velocity through a 
moderate sized defect, one had a supracristal 
defect, and four had muscular defects. The one 
patient in whom a ventricular septal defect was 
detected by flow mapping but not by contin- 
uous wave had a muscular defect. 

All four patients without ventricular septal 
defects were correctly classified by continuous 
wave Doppler examination, but in two colour 
flow mapping incorrectly identified ventricular 
septal defects. Both of the false positive diag- 
noses arose because disturbed flow on the right 
side of the septum simulated a small muscular 
ventricular septal defect. 

All except one patient with a ventricular 
septal defect were identified when the reference 
examiner used continuous wave Doppler 
echocardiography. The false negative result 
arose in a patient with a supracristal defect with 
flow directed towards the pulmonary valve that 
did not meet any of the diagnostic criteria. 
Twenty three defects were identified by colour 
flow mapping. The additional false negative was 
a small muscular defect. The small number of 
false positives and false negatives in the test and 
reference examinations precluded statistical 
testing for differences. 

The time to diagnosis was 4:8 (5-9) minutes 
for the colour flow mapping examination and 
5-8 (5-9) minutes for the continuous wave 
Doppler examination. This difference was not 
statistically significant. The mean difference in 
time to diagnosis between the two techniques 
was 0:9 (3-4) minutes, and it was not signifi- 
cantly different from zero (p > 0-2). In only 
three patients was a conclusion reached after 
more than five minutes (maximum 11 minutes) 
of flow mapping, and similarly, only three 
patients needed more than five minutes of 
examination by continuous wave Doppler 
echocardiography (maximum eight minutes). 

We found a second, unsuspected septal 
defect by colour flow mapping in two of the 
patients with a ventricular septal defect; both 
were confirmed by continuous wave Doppler 
examination. In one the second defect was from 
the left ventricle to right atrium and seemed to 
be more important than the original defect; the 
other was a small muscular defect. 


Doppler detection of ventricular septal defect 


Discussion 
The addition of pulsed Doppler to cross sec- 
tional imaging has improved the diagnostic 
sensitivity of echocardiography for ventricular 
septal defects. Continuous wave Doppler has 
also been used to diagnose ventricular septal 
defects, and it also gives information about 
physiological variables. 

Colour Doppler flow mapping has been used 
to identify ventricular septal defects,?? and it 
seems to be especially good at identifying 


‚multiple ventricular septal defects. It can 


‘clearly show the pattern of flow both through 
the septum and into the other heart chamber. 
The relative sensitivity of the various tech- 
niques is unknown, however. In the hands of 
experienced examiners both pulsed Doppler 
and colour flow mapping were highly sensitive 


'and specific for the detection of ventricular 


septal defects in patients selected for catheter- 
isation.’° This population tended to have larger 
defects, and it seems reasonable to assume that 
errors would be more likely with the smaller 
lesions that are seen in a less selected patient 
group. 

We found that the identification of ven- 
tricular septal defects by an experienced 
examiner with continuous wave Doppler was 
easy in almost all patients, whereas pulsed 
Doppler tends to be more difficult, leading to 
more potential false negatives.!! One reason for 
this is that all depths in the direction of the 
beam are examined simultaneously by con- 
tinuous wave Doppler; with pulsed Doppler 
the sample volume must be moved to each 
depth. Any improvement in speed and 
accuracy with colour flow mapping over the 
continuous wave examination is more likely in 
observers who were less experienced in con- 
genital heart disease and who would be less 
certain of the continuous wave examination. 
We found that the continuous wave Doppler 
examination performed by such an examiner 
was as sensitive, fast, and may have been less 
liable to give false positive results than the flow 
mapping examination. On the other hand, the 
colour flow mapping examination identified 
previously unknown multiple ventricular 
septal defects. T'he best approach to achieve tbe 
highest sensitivity and specificity would be to 
use the two techniques to supplement one 
another. 

The reference examiner Had one- false 
negative continuous wave Doppler examina- 
tion. This was in a patient with a supracristal 
ventricular septal defect that caused turbulent, 
high velocity flow through the pulmonary valve 
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and simulated pulmonary stenosis; it did not 
meet any of the diagnostic criteria of the study. 
Another false negative on cross sectional 
Doppler examination was caused by a small 
apical defect. The cause of the false positives on 


“cross sectional Doppler examination is unclear, 


but one potential cause was flow disturbance 
around right ventricular septal trabeculae. 

The greater sensitivity of the continuous 
wave Doppler examination in experienced 
hands for finding ventricular septal defects may 
be because it has a better time resolution than 
colour flow mapping. 

For this study we used a single model of 
ultrasound machine and transducer with only 
one colour flow map. Because the use of different 
colour flow maps will change the operator’s 
perception of normal and disturbed flow it can 
influence sensitivity. Clearly, the characteristics 
of the transducer and instrument also affect the 
absolute sensitivity of the techniques as well as 
their relative sensitivity. This means that our 
results cannot be extrapolated to all combina- 
tions of instrument and transducer, though in 
our opinion the intrinsic characteristics of 
colour Doppler flow mapping and continuous 
wave Doppler account for their relative 
strengths and weaknesses. 
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Role of intraoperative ultrasound examination in 
patients undergoing a Fontan-type procedure 


Oliver Stümper, George R Sutherland, Narayanswami Sreeram, Marc E R M van Daele, 


John Hess, Egbert Bos, Jan M Quaegebeur 


Abstract 

To determine its potential impact on 
perioperative surgical management 
intraoperative ultrasound examination 
(cross sectional imaging, colour flow 
mapping, pulsed and continuous wave 
Doppler) was used in 16 consecutive 
patients undergoing a  Fontan-type 
procedure. Epicardial cross sectional 
imaging before bypass defined the precise 
intracardiac morphology in 15 of 16 
patients. The preoperative mor- 
phological diagnosis was refined in four 
patients (25%), and this influenced sur- 
gical management in two (12%). Epicar- 
dial studies after bypass identified seven 
residual haemodynamic lesions in five 
patients (three residual intercardiac 
shunts, one ventricular outflow obstruc- 
tion, one pulmonary artery obstruction, 
two mitral valve regurgitation), and led 
to immediate revision during a second 
period of bypass in three (18%). In one 
patient who required early reoperation 
residual shunting was not detected after 


bypass by either colour flow mapping ora_ 


contrast study. Final intraoperative 
studies showed a good surgical result in 
14 patients (87%). Flow characteristics 
and flow velocities within the Fontan cir- 
culation could be assessed immediately 
after the patient came off cardiopulmon- 
ary bypass by means of combined pulsed 
wave Doppler and colour flow mapping in 
14 of the 16 patients. Cross sectional 
studies of the left heart after bypass 
showed no change in ventricular func- 
tion and allowed monitoring of volume 
replacement and ventricular filling. 

Intraoperative ultrasound was a valu- 
able monitoring technique in patients 
undergoing a Fontan-type procedure. It 
refined preoperative diagnosis, mon- 
itored ventricular function, and iden- 
tified or excluded residual haemodyn- 
amic lesions in most patients. 


The Fontan procedure or one of its modifica- 
tions is widely used to correct a wide range of 
complex congenital heart lesions. Both the 
operative mortality and reported results in the 
intermediate term have improved remarkably 
over the past decade.*° In several large series 
of patients, however, residual haemo- 
dynamic lesions were common (14-29%) and 
some caused early deaths in hospital, required 


early reoperation, or impaired functional 
capacity. ® We need an intraoperative mon- 
itoring technique for the rapid and accurate 
identification of important residual lesions 
immediately after a Fontan circulation has 
been established. This would allow the repair 
of important residual lesions during the same 
operation in a second period of bypass, and 
might further improve the early results of 
operation. 

During operations for congenital heart dis- 
ease high resolution epicardial cross sectional 
imaging can be used to define abnormal car- 
diac morphology before bypass and a combin- 
ation of colour flow mapping and spectral 
Doppler investigations can be used to assess 
the haemodynamic results achieved by the 
surgical repair." Epicardial cardiac 
ultrasound might also be useful for the 
immediate evaluation of the results achieved 
by a Fontan-type procedure. To test this 
premise we used the full range of ultrasound 
investigations in a series of patients under- 
going a Fontan-type procedure. 


Patients and methods 

Sixteen patients who underwent a Fontan- 
type procedure at the Department for 
Cardiothoracic Surgery, Erasmus University, 
Rotterdam were entered into a prospective 
intraoperative ultrasound study to determine 
the impact of such an examination on 
perioperative surgical management. 


PATIENTS 

The age at operation ranged from 5 months to 
33 years (median age 3 years 6 months) and 
the body weight ranged from 4400 g to 73 kg. 
The preoperative diagnosis (table 1) was 
absent right connection (tricuspid atresia) in 
10 patients, double inlet left ventricle in four 
patients, “criss-cross” heart in one patient 
(case 3), and a congenitally corrected trans- 
position (discordant-discordant connections) 
with a straddling tricuspid valve in one 
patient (case 13). All patients had situs solitus 
of the atria; four patients had dextrocardia. 
Two patients (cases 10 and 16) were known to 
have mild mitral valve regurgitation before 
operation. 

Eleven patients had had palliative 
procedures (nine left Blalock shunts, one right 
Blalock shunt, two central shunts, one Water- 
ston shunt, one pulmonary artery banding, 
one enlargement of a ventricular septal defect 
(table 1). 
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Table! Patient data, diagnosis, previous palliation, and surgical procedure 
7 Surgical procedure 
No Age Preoperative diagnosis Previous palhation Fontan Associated 
1 4yr5 mnth DILV, VA disc, dextrocardia, outlet VSD i Na I Direct TV closure 
2 2 yr 5 mnth TA, VA conc, ASD II Left Blalock I Direct ASD closure 
3 4 yr 5 moth AV conc, VÀ disc, (“criss-cross”) multiple muscular Nil I Direct TV closure, 
VSDs, ASD II Darect ASD closure 
4 3yrllmnth ‘TA, VA disc, dextrocardia, ASD II, restncive VSD Nil I Direct ASD closure, enlargement 
VSD 
5 33yr DILV, VA disc, outlet VSD Nil I Direct TV closure 
6 3 yr 3 moth DILV, VA disc, dextrocardia, VSD; ASD II Left Blalock II — 
7 2 yr 9 moth TA, VA conc outlet VSD, ASD I Left Blalock Ill Direct ASD closure 
8 2 yr 9 mnth TA, VA conc, ASD II Left Blalock IV Direct ASD closure 
9 3 yr 4 mnth TA, VA disc, Soe, ASD II, VSD, peripheral Left Blalock I Direct ASD closure, patch 
pulmonary steno enlargement PA 
10  15mnth DILV, VÀ disc, ASD Il, restrictive VSD, mid MR Banding I Single patch TV and ASD, 
enlargement VSD 
11 4yri0mnth TA, VA conc, ASD II Right and left Blalock E V Direct ASD closure 
12 51nnth TA, VÀ conc, ASD II, muscular VSD Nil v Direct ASD closure, patch closure 
VSD 
13 3yrl0mnth AV disc, VA disc, ied ng TV, ASD II, Left Blalock II — 
perimembraneous inlet VSD 
14 lyr 9 mnath 'TA, VÀ conc, ASD II, > palm onary atresia Waterston II — 
15 5 yr 9 mnth TA, VA conc, ASD II, Left Blalock, central shunt I Direct ASD closure 
16 ll yr3mnth TA, VA conc, ASD II, arcis VSDs, mild MR Left Blalock, central shunt, VSD V Patch/direct closure VSD, direct 
enlargement closure ASD 





ASD II, secundum atrial septal defect, AV, atrioventricular; conc, concordance, disc, discordance; DILV, double inlet left ventricle, MR, mitral regurgitation, PA, 
pulmonary artery; TA, tricuspid atresia; TV, tricuspid valve, VA, ventriculoarterigl; VSD, ventricular septal defect, Fontan procedures. I = direct atrropulmo: 


anastomosis; JI = total 


cavopulmonary connection; III = modified Kreutzer procedure; IV = valved 


(homogreft) atrioventricular connection. 


OPERATION 

The surgical techniques used to achieve sys- 
temic venous to pulmonary artery connections 
(Fontan-type procedures) were (a) direct 
atriopulmonary anastomosis (retroaortic) in 
eight patients, (b) total cavopulmonary con- 
nection”? by use of a prosthetic patch (three 
patients), (c) a Kreutzer procedure (right 
atrial appendage to main pulmonary artery 
connection incorporating the pulmonary 
valve) in one patient, (d) valved atrio- 
pulmonary.connection (homograft conduit) in 
one patient with tricuspid atresia and a hypo- 
plastic main pulmonary artery, and (e) valved 
atrioventricular connection (homograft con- 
duit) in three patients with tricuspid atresia 
and ventriculoarterial concordance (table 1). 

Secundum type atrial septal defects in 10 
patients with tricuspid atresia were closed by 
means of a double layer of running sutures in 
nine patients. The defect was left open in one 
patient who underwent an operation for total 
cavopulmonary connection (case 2). Eight 
patients with tricuspid atresia had concordant 
ventriculoarterial connections. Three of these 
underwent an operation to construct a valved 
atrioventricular connection; this required 
closure of ventricular septal defect(s) in two 
(cases 12 and 16). Enlargement of a restrictive 
ventricular septal defect was required in one 
(case 4) of two patients with ventriculoarterial 
discordance. 

All four patients with double inlet left ven- 
tricle had  ventriculoarterial discordance. 
Three of these underwent a direct atrio- 
pulmonary anastomosis. The tricuspid valve 
was closed with a double layer of interrupted 
mattress sutures in two patients with an intact 
atrial septum (cases 1 and 5) and a pericardial 
patch was used to close both the tricuspid 
valve and the secundum atrial septal defect in 
one (case 10). This latter patient also required 


nary 
) atriopulmonary connection, V = valved 


enlargement of a restrictive ventricular septal 
defect because of ventriculoarterial discor- 
dance. One patient with double inlet left ven- 
tricle (case 6) underwent an operation to form 
a total cavopulmonary connection; the atrial 
septal defect was left open. 

One patient with a preoperative diagnosis of 
“criss-cross” heart (case 3) underwent direct 
atriopulmonary anastomosis with direct 
closure of both the tricuspid valve and the 
atrial septal defect. The patient with congeni- 
tally corrected transposition and a straddling 
tricuspid valve (case 13) underwent a total 
cavopulmonary anastomosis, without closure 
of the atrial septal defect. 


ECHOCARDIOGRAPHY 

Intraoperative epicardial studies were per- 
formed with a Toshiba SSH 65 or a Toshiba 
SSH 160 A ultrasound system in all 16 
patients before and after cardiopulmonary 
bypass. The scanning equipment consisted of 
multiple standard precordial transducers: a 
5 MHz transducer for high resolution cross 
sectional imaging plus a 3-75 MHz transducer 
for colour flow mapping and pulsed wave 
Doppler investigations, and in two patients a 
2-5 MHz continuous wave Doppler duplex 
probe. The probes and wires were packed in 
sterile tube-shaped plastic bags after about 
5 ml of sterile ultrasound coupling gel had 
been applied to the tip of the transducer. After 
packing, the probes were passed into the 
operative field where they remained during the 


entire operation. 


Studies were performed either by a 
paediatric cardiologist or the cardiac surgeon 
and were entirely recorded on video tape to 
allow subsequent off line interpretaton. The 
studies before bypass lasted about 5 minutes 
and those after bypass about 10 minutes. The 
studies were interpreted on line and the find- 
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ings were discussed. Immediately after com- 
pletion further off line analysis was carried out 
in the echocardiography laboratory. 

Pre-bypass studies were performed after 
median  sternotomy and  pericardiotomy. 
Warm saline was poured into the pericardial 
cradle to improve contact between the epicar- 
dium and the transducer and to reduce 
mechanical irritation of the heart. Cross sec- 
tional imaging was performed first. Results 
were correlated with the preoperative findings 
and with the findings at surgical inspection. 
Then haemodynamic function was assessed by 
colour flow mapping of the entire heart. These 
morphological and haemodynamic ultrasound 
findings served as a reference for the sub- 
sequent studies after bypass. 

Post-bypass studies were performed after 
the removal of all cannulas for cardiopulmon- 
ary bypass, because these may cause 
unpredictable flow patterns, and as soon as 
haemodynamic function was relatively stable. 
Cross sectional imaging was used to assess the 
surgical repair and together with M mode 
tracings to monitor ventricular function. 
Colour flow mapping of the entire heart and 
the Fontan circulation was used to detect any 
flow obstructions across the anastomoses, 
residual intracardiac shunting, incompetence 
of atrioventricular valves, or ventricular out- 
flow obstructions. Pulsed wave Doppler inves- 
tigations were performed to trace and measure 
flow velocities across the Fontan circulation. 
Continuous wave Doppler was used to assess 
blood flow through the ventricular septal 
defect in two patients with ventriculoarterial 
discordance. Contrast echocardiographic 
studies, for the exclusion of residual 
interatrial shunting, were performed to con- 
firm the findings at colour flow mapping. 
Routinely 2-5 mi of hand-agitated patient's 
blood was used as the contrast medium. This 
was injected via a right atrial line while a 
modified four chamber view was scanned from 
the mid-portion of the right ventricle. 


Results 

STUDIES BEFORE BYPASS 

A combination of high resolution cross sec- 
tional epicardial imaging and colour flow map- 
ping confirmed the preoperative diagnosis in 11 
of the 16 patients. T'he diagnosis was refined in 
four patients (25%), and this influenced sur- 
gical management in two (12%) (table 2). In 
one of these patients (case 3) both atrioven- 
tricular valves and their tensor apparatus were 
shown to be entirely connected to the left 
ventricle, changing the preoperative diagnosis 
of “‘criss-cross’’ heart to double inlet left ven- 


tricle. This new finding was, however, of no 
surgical relevance. In one patient (case 7) with a 
secundum type atrial septal defect an additional 
low posterior fenestrated defect was detected. 
In two patients (cases 11 and 16) with ven- 
triculoarterial concordance epicardial cross 
sectional imaging clearly showed a right ven- 
tricular chamber of moderate size and good 
function plus the absence of any valvar or 
subvalvar obstruction. This information, in 
both patients scheduled for construction of a 
direct atriopulmonary connection, allowed the 
outiet chamber to be incorporated into the 
Fontan circulation. 

The information obtained by cross sectional 
imaging before bypass was verified at surgical 
inspection whenever feasible, and was found to 
be exact and complete in 15 out of 16 patients. 
In one patient with multiple muscular ven- 
tricular septal defects (case 16) the epicardial 
study before bypass showed only one large 
muscular defect and did not identify the 
additional defects. T'hese were only identified at 
surgical inspection after the muscular obstruc- 
tion between the trabecular and outlet portions 
of the right ventricle had been relieved. Colour 
flow mapping before bypass allowed assessment 
of haemodynamic function immediately before 
the repair and, even more importantly, served 
as the reference for interpretation of the sub- 
sequent study after bypass. 


STUDIES AFTER BYPASS 
Table 3 lists the residual lesions identified and 
their surgical consequences. 


Atrial septal defects 

After repair the perfect closure of atrial septal 
defects was assessed by colour flow mapping 
along a series of foreshortened four chamber 
views from the right ventricular and right atrial 
epicardium. A residual defect at the postero- 
inferior border of the surgical closure site 
(direct suture) was detected in one patient (case 
7; table 2) in whom an additional low posterior 
fenestrated defect was found before bypass. 
Colourflow mapping showed its precise site and 
the restrictive flow pattern of the continuous 
right-to-left shunt. Residual shunting was 
reconfirmed by contrast injection into the right 
atrial line. Immediate revision during a second 
period of bypass effected closure of the defect; 
this was confirmed by colourflow mapping anda 
contrast study (fig 1). 


Ventriculoatrial communications 

Colour flow mapping studies after bypass 
showed a residual ventriculoatrial communica- 
tian in one patient (case 5). A high velocity jet 


Table 2 Refinement of the preoperative diagnosis by studies before bypass and influence on surgical management 


No Preoperative 


Study diagnosis befors bypass 


Influence on surgical management 


Criss cross heart Double inlet left ventricle No influence 


3 
7 Secundum ASD 
ASD 


11 Size and morphology of RV chamber RV of good € zu :nfundibular 


unknown, intact IV stenosis, no 


16 Size and morphology of RV chamber RV chamber of good size 


unknown 


Additional low posterior fenestrated No mfluence 


Valved atrioventricular connection 
Valved atrioventricular connection 


ASD, atrial septal defect; IVS, interventricular septum; PV, pulmonary valve; RV, right ventricle. 
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Figure 1 
interatrial shunt (patient 7). After right atrial injection of hand agitated contrast 
medium, the right atrial cavity was uniformly opacified, whereas there was no sign of 
contrast in the left atrium. This showed the perfect closure of the residual defect. LA, left 
atrium; RA, right atrium. 


Contrast echocardiographic study after immediate revision of a small residual 


originating from the site of primary closure of 
the right atrioventricular valve was shown to 
reach far into the cavity of the right atrium. 
Immediate revision during a second period of 
bypass (pericardial patch closure) achieved 
perfect closure of the tricuspid valve. In the 
remaining three patients who underwent 
closure of a right sided atrioventricular valve 
colour flow mapping excluded any residual 
communication; this was reconfirmed by con- 
trast studies (left atrial injection) in two. 


Leakage from intra-atrial tunnels 

In three patients a total cavopulmonary con- 
nection was created. Cross-sectional imaging 
after bypass showed the course of the tunnel, 
both venae cavae, and the anastomoses with the 
pulmonary artery system in two of the three 
patients. The colour flow mapping studies that 
were used to exclude residual shunting were 
judged to be satisfactory in only one patient. 


Studies after bypass wer: 
geometry of the right atrium 
masking properties of the pri 
used in the repair. Contrast st 
tion into the right atria 
negative and one false 
operative studies in th« 
contrast and oxygen satur 
residual shunting in one patien 
result after bypass 
went reoperation. At reoperatio 
munications through the smal 
were found between the base of t 
appendage and the linea terminal 
line of the patch was found ti 





, who bse 


Ventricular septal defe 
In seven of the eight patients w 
arterial discordance, colour flos 
pulsed and continuous wave I 
after bypass showed an unob: 
tricular outflow. In one patient 
septal defect was found to be 
tive after bypass, whereas it had 
be unrestrictive both befor: 
during studies before bypass. Th 
velocity measured by continuo 
pler was about 3:8 m/s, represen 
gradient of about 58 mm Hg 
vision during a second perio 
reduced the pressure gradient t 
Two of three patients with tr 
and ventriculoarterial conc 
valved atrioventricular conne: 


had patch closure of a ventricular 
In one of these patients S 
muscular defects were found at 
tion and subsequently clo 
tional imaging study after b 
small residual muscular def ( 





of the study after bypass sh 
to-right shunting and 
shunting (fig 2) caused by raised r 
ventricular pressures 





Fontan circulation 

Cross sectional imaging d 
anatomical obstruction to th 
flow in 14 of 15 patients 
studies. In one patient (case 14 
incomplete after total cavop 
tion. Evidence of homograft va 
found in all three patients 
ventricular connection (case 
and pulmonary valve closure ir 
a Kreutzer procedure (case 7 











Table 3 Identification of residual lesions by colour flow mapping and Doppler studies after bypass and the surgical consequence 
No Diagnosis Surgical procedure Residual lesion 
5 DILV, AV disc, unrestrictive VSD Atriopulmonary conn, direct closure — Ventriculoatrial shunt, restrictive I 
of TV VSD enla 
7 TA, VA conc, VSD, ASD II, Modified Kreutzer, direct suture Residual interatrial shunt at Re- 
additional fenestrated ASD ASDs posteroinferior border 
10 DILV, VA disc, ASD II, restrictive — Atriopulmonary conn, single patch MR (increased 
VSD, mild MR IV, ASD, enlargement VSD 
15 FA, VA conc, ASD II, VSD Atriopulmonary conn, direct suture Compression of left pulmonary Patcl 
ASD artery 
16 [ A, VA conc, ASD II, muscular Atrioventricular conn, direct closure Residual muscular VSD, MR N 
VSDs, mild MR ASD, patch closure large VSD, unchanged 
direct suture apical VSD 
DILV, double inlet ventricle of left ventricular morphology; TA, tricuspid atresia; ASD II, secundum type atrial septal defe VA 


concordance; disc, discordance; VSD, ventricular septal defect; TV, tricuspid valve; conn, connection; MR, mitral regurgitatior 
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Figure 2 
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Residual interventricular shunting detected by colour flow mapping in patient 


tricuspid atresia, ventriculoarterial concordance, and multiple muscular 


eptal defects. The mid-diastolic frame shows right-to-left shunting on the 


el 


encoded in blue) with some flow turbulence. RI 
itricular septum: LV, left ventricle 


", right ventricle; IVS, 


remained partly open in the one patient (case 8) 
in whom a valved atriopulmonary connection 
had been constructed. 

Colour flow mapping showed laminar (thatis, 
unobstructed) flow within the Fontan circula- 
üon in 13 of 14 patients with satisfactory 
studies. Studies were unsatisfactory in two 
patients with total cavopulmonary connections 
(cases 13 and 14). In one patient (case 15), in 
whom cross sectional imaging showed a narrow 
left pulmonary artery, colour flow mapping 
showed considerable obstruction at the origin 
of the left pulmonary artery (fig 3A). Pulsed 
wave Doppler echocardiography showed con- 
tinuous turbulent flow distal to the obstruction 
with a velocity of 1-5 m/s, representing a 
pressure gradient of about 4-5 mm Hg. The 
stenosis was caused by compression from the 
ascending aorta. This was proved when 
anterior displacement of the aorta resulted in 
laminar unobstructed flow (fig 3B). Subsequent 
patch enlargement of the bifurcation during a 
second period of bypass established unobstruc- 
ted laminar flow into the left pulmonary artery 
fig 3C), witha maximal flow velocity ofless than 
1-0 m/s (fig 3D). 

We assessed blood flow velocities and flow 
patterns within the Fontan circulation after 
bypass by pulsed wave Doppler investigations. 
Sample volumes were placed distal to the 
anastomoses or distal to any valve incorporated 
in the circulation. In patients with direct 
atriopulmonary anastomoses blood flow was 
found to be biphasic and bidirectional. Peak 
flow velocities ranged from 0:4 to 0:65 m/s and 
occurred during late diastole. T'he second peak 
occurred during late ventricular systole and 


ranged from 0-2 to 0-3 m/s. Retrograde flow was 
detected during early ventricular systole and 
early diastole. After total cavopulmonary anas- 
tomosis a non-pulsatile, low velocity flow pat- 
tern with considerable respiratory changes was 
noted. Two patients with valved atrioven- 
tricular connections (cases 11 and 12) showed 
biphasic forward flow, with velocity peaks in the 
main pulmonary artery of 0:25 and 0:3 m/s 
during late diastole and of 0-6 and 0-9 m/s 
during ventricular systole, indicating the con- 
tribution of the right ventricle to pulmonary 
blood flow. In the third patient with a valved 
atrioventricular connection (case 16) no ven- 
tricular augmentation was noted. 


Mitral valve regurgitation 

Mild mitral valve regurgitation was shown by 
colour flow mapping in two patients 
immediately after bypass. One patient (case 10) 
showed atrioventricular dissociation, neces- 
sitating epicardial pacing. The regurgitant jet 
was considerably larger than that shown during 
the study before bypass. In the second patient 
(case 16) the severity of mitral regurgitation 
was judged to be unchanged. 


Ventricular function 

Left ventricular function was assessed before 
and after bypass by a series of short axis scans 
through the left ventricle. No regional wall 
motion abnormalities were noted in any patient 
and ventricular function was unchanged com- 
pared with the studies before bypass. In four 
patients short axis scans were used to monitor 
volume replacement and ventricular filling 
while the patient was weaned from cardiopul- 
monary bypass. In a further two patients the 
studies helped to determine the dosage of 
inotropic support. 


Complications 

Complications induced by direct contact 
epicardial imaging, apart from occasional 
episodes of self terminating short runs of 
ventricular extrasystoles (maximum five in suc- 
cession), were not encountered. Medical treat- 
ment or electical cardioversion were never 
required. Sterility was preserved by packing 
the probes into long sterile plastic bags. No 
episode of endocarditis, pericarditis, or 
mediastinitis was reported during the study 
period. 


Discussion 

We studied the impact of intraoperative 
echocardiography in patients undergoing a 
Fontan-type procedure on perioperative sur- 
gical management. 

Cross sectional imaging before bypass 
allowed detailed insights into the individual 
intracardiac morphology and contributed to 
surgical management in 12% of the patients. In 
one case the diagnosis before bypass was 
incomplete because additional muscular ven- 
tricular septal defects were not shown; tur- 
bulent flow in the entire small right ventricular 
cavity prevented the recognition of multiple 
individual jets by colour flow mapping. 
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Figure 3 Study after 
bypass in patient 15 with 
severe pulmonary artery 
obstruction. ( A) Colour 
flow mapping showing 
continuous turbulent flow 
just distal to the 
bifurcation caused by 
compression by the 
ascending aorta. (B 
Lifting up of the aorta 
allows laminar, 
unobstructed flow in the left 
pulmonary artery, 
establishing the cause of 
After 
patch enlargement of the 
bifurcation and the 
proximal left pulmonary 
artery flow was 
unobstructed. (D) Pulsed 
wave Doppler sampling 
showed unobstructed flow 
The maximal flow velocity 
was less than I m/s 

Ao, ascending aorta; l, 
left; PA, pulmonary 
artery 


obstruction. (C 


Ultrasound studies after bypass proved to be 
a valuable technique for the assessment of the 
surgical repair performed, for monitoring left 
ventricular filling and function, and for the 
exclusion of residual haemodynamic lesions. 
The modern range of Doppler ultrasound 
techniques, in particular colour flow mapping, 
are sensitive methods for the detection of 
abnormal intracardiac flow patterns. The use of 
these techniques immediately after bypass can 
detect even slight flow abnormalities.'* In most 
patients undergoing total correction of 
congenital heart disease these minimal flow 
disturbances are not of surgical importance, 
whereas when the Fontan operation or one of 
its modifications is performed in patients with 
complex intracardiac anatomy or in younger 
patients, even small residual lesions can be 
clinically important. The immediate detection 
of these lesions and the subsequent repair 
during the same operation can improve the 
early surgical results. 

Colour flow mapping allows the detection or 
definite exclusion of residual intracardiac 
shunting in most patients. The technique not 
only shows the existence of residual shunting 
but also defines the site of origin, which is 
impossible by any other technique. But the 
presence of prosthetic material used in the 
repair causes flow masking. After the creation of 
a total cavopulmonary connection both the 
change of the geometry of the right atrium and 
the use of prosthetic material precluded re- 
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solve some of the difficulties of obtaining com- 
plete information after this type of operation. 
'To date, however, our experience with these 
techniques in the intraoperative monitoring of 
Fontan procedures is limited. 

Assessment of blood flow patterns and flow 
velocities by pulsed wave Doppler allows the 
immediate exclusion of flow obstruction within 
the Fontan circulation. Immediately after a 
direct atriopulmonary connection was estab- 
lished pulsed wave Doppler echocardiography 
showed biphasic, bidirectional pulmonary 
blood flow. The biphasic nature of blood flow 
Showed that both the atrial contraction and the 
left ventricular relaxation contributed to pul- 
monary blood flow! ' in these patients. In two 
of three patients in whom the right ventricular 
chamber was incorporated into the Fontan 
circulation the pulmonary artery blood flow was 
greatest during ventricular systole. T'his finding 
showed right ventricular augmentation of pul- 
monary blood flow immediately after bypass, 
which may be beneficial in the 'early post- 
operative period, as was suggested in earlier 
studies, ^? In the third patient, who had 
extensive resection of muscular trabeculations 
between the outlet and the trabecular portions 
of the right ventricle, pulsed wave Doppler 
examination did not show a ventricular con- 
tribution to pulmonary blood flow. Under these 
circumstances, and especially when the right 
ventricle is small, it may become functional 
some time after repair. 

Intraoperative ultrasound provides the sur- 
geon with detailed information on the 
immediate results of the repair because it can 
detect slight flow disturbances. It does not 
measure their haemodynamic importance, 
however, and this can be misinterpreted. After 
adequate volume replacement residual ob- 
struction of the outflow tract or interventricular 
shunting are readily identified. Whereas their 
severity is often overestimated, the severity of 
atrioventricular valve regurgitation is more 
likely to be underestimated when compared 
with follow up studies. Findings immediately 
after bypass must be interpreted against the 
background of the complexity of the pre-exist- 
ing anomaly and the method of repair. The 
surgeon must decide whether or not residual 
haemodynamic lesions need further revision 
during a second period of bypass. Three of the 
five patients with documented residual lesions 
had immediate revision and in all of them the 
surgical results were good. Studies after bypass 
and just before closure of the chest in 15 
patients and after early reoperation in one 
patient showed good surgical results in 14. 
Precordial studies performed before hospital 
discharge and clinical follow up excluded sig- 
nificant residual lesions in all patients who had 
good surgical results as assessed by the final 
post-bypass study. One patient who required 
epicardial pacing for atrioventricular block and 
in whom mitral regurgitation was increased 
after the Fontan procedure died soon after 


operation; thus the early hospital mortality in 
this series was 6%. 

In patients with a Fontan circulation even 
small residual lesions can be detrimental and 
thus require immediate surgical intervention. 
Intraoperative ultrasound is useful in assessing 
the quality of the Fontan repair and the need 
for reintervention. Its use may further reduce 
both the need for reoperation and early hospital 
mortality. In addition, the immediate detection 
and' revision of residual lesions should improve 
functional results in the longer term. 
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Factors influencing the persistence of shunting 
within 24 hours of catheter occlusion of the ductus 


arteriosus 


Renato Vitiello, Lee Benson, Norman Musewe, Robert Freedom 


Abstract 

Catheter occlusion of the persistent 
ductus arteriosus recently became 
clinically available with a Rashkind 
(USCI Bellerica, Massachusetts, USA) 
umbrella occluder system. A few 
patients, however, had residual left to 
right shunting after the procedure. The 
impact of soaking the foam of the device 
in a thrombin solution to enhance 
clotting and of using a device with a 
diameter of 12 or 17 mm was assessed in 
117 consecutive patients undergoing 
catheter closure. The frequency of 
residual shunting detected by colour flow 
Doppler 24 hours after the procedure 
was the same whether or not thrombin 
was used. 


Several reports have shown the clinical safety 
and efficacy of transcutaneous occlusion of the 
persistently patent ductus arteriosus by the 
Rashkind prosthesis (USCI Angiographics, 
Bellerica, Massachusetts, USA).'? Successful 
closure was reported in 0-35% of attempted 
occlusions.*$ The wide difference is attribut- 
able to: (a) different methods of assessing 
shunting (auscultation and pulsed or colour 
Doppler echocardiography), and (b) the 
interval between occlusion and assessment. A 
recently completed study suggested some 
technical modifications intended to enhance 
the rate of complete occlusion Our study 
attempts to define those factors or interven- 
tions that may influence ductal shunting after 
placement of the device. To control for those 
haemodynamic and vascular variables that 
with time may influence occlusion we choose 
as our end point evidence of shunting 24 
hours after implantation. 


Patients and methods 

One hundred and seventeen patients (mean 
(SD) age 4-0 (3-7) years; weight 15-8 (9-5) kg) 
had a ductal occluder successfully implanted 
between February 1986 and June 1989. They 
were divided into two groups: group 1 with 
residual ductal shunting and group 2 without 
residual shunting as determined by pulsed or 
colour flow Doppler echocardiography, or 
both, 24 hours after implantation.’ Details of 
the procedure have been given before.*>* No 
heparin was administered. Transvenous 
placement was accomplished in all study 
group patients.? Ductal morphology and the 
smallest diameter at the junction with the 
pulmonary artery were determined from the 


lateral projection of an arteriogram of the 
descending aorta obtained by injection of con- 
trast into the transductal catheter; arterial 
catheterisation was not performed.’ All the 
ducts occluded were haemodynamically res- 
trictive. A 12 mm occluder was used if the 
ductus was «3-5 mm and a 17 mm occluder 
was implanted if the ductus was larger, up toa 
diameter of 9 mm. For the first 62 patients the 
device was immersed in physiological saline 
before being loaded on to the delivery cathe- 
ter. In the remaining 55 patients the occluders 
were soaked in a solution of topical thrombin 
(250 IU/ml) for 10 minutes as suggested by 
Wessel et a15 We carefully flushed the lumen 
of the delivery catheter with the thrombin 
solution to avoid it being diluted on the foam. 
In the later series, four patients had Doppler 
evidence of residual shunting within the first 
10 minutes after implantation and in these 
patients an 8 French balloon tipped angio- 
catheter was inflated in the main pulmonary 
artery and placed against the pulmonary 
artery arms of the occluder. We stiffened the 
catheter with the firm end of a 0-035 inch 
guide wire (Cook, Bloomington, Illinois) 
which was inserted to the tip of the catheter 


- but not beyond.’ Pressure was applied for 10 


minutes, and it was monitored by colour 
Doppler echocardiography to ensure absence 
of flow. Doppler echocardiographic studies 
were repeated after we retracted the balloon. 
We used pulsed and/or colour Doppler echo- 
cardiography to assess residual left to right 
shunting 24 hours after implantation. Groups 
1 and 2 were compared by Student's t, y’, and 
the Fisher's exact tests as appropriate. 


Results 
Thirty nine (33%) (group 1) of the 117 
patients had residual shunting one day after 
the procedure. In 16 of these patients the 
ductus was closed with a 17 mm occluder and 
in 23 with a 12 mm occluder. In the 78 
patients without residual shunting (group 2) 
64 patents had a 12 mm device and 14 a 
17 mm device. The use of the 17 mm occluder 
was significantly associated with the presence 
of a residual shunt a day after the procedure 
(p — 0-007) and, as was expected, with the 
presence of a larger ductus: 3-3 (1-1) mm in 
group 1 v 2 7 (0-8) mm in group 2 (p < 0-01). 
There were 17 instances of residual shunt- 
ing in the last 55 patients in the series, in 
whom topical thrombin was used. In the 
group in which thrombin was not used 22 
patients had residual shunting and 40 patients 


212 


did not. Residual shunting was no less com- 
mon after the occluder had been soaked in 


thrombin solution, however (p = 0-522). The . 


size of the occluder did not influence the 
effectiveness of the thrombin (p — 1:0 for the 
12 mm and p = 0-4 for the 17 mm devices). 
In four patients we attempted balloon 
tamponade of the residual flow but shunting 
persisted when the balloon was withdrawn. 
Finally, there were no significant associations 
between ductal morphology, patient age, or 
weight and persistent shunting. 


Discussion 

We detected a residual shunt by colour 
Doppler echocardiography one day after the 
procedure in a third of our patients; in most 
only a soft systolic murmur was audible. 
'Though long term studies that used colour 
Doppler echocardiography to assess the suc- 
cess of the procedure detected residual shunts 
in 10% of patients 1—2 years later, it is not 
clear which factors influence closure of the 
duct and could be modified. Because several 
uncontrolled variables (for ^ example, 
haemodynamic effects and cellular or vessel 
ingrowth) may lead to occlusion in the 
medium and long term, our study attempted 
to define those variables that may influence 
closure rates in the first day. It seems that 
patient selection by age or weight alone has no 
impact. 

Wessel et al suggested that soaking the 
umbrella foam in a solution containing throm- 
bin might increase the rate of successful trans- 
catheter closure.’ Our data do not support this 
assertion; we found no improvement in initial 
closure rates in the group in which we used 
thrombin. Nor did occluder size influence 
shunting rates. In a few patients we used a 
balloon-tipped catheter to stop blood flow 
through or over the device. Though the 
balloon catheter stopped flow past the 
occluder, the shunt persisted, unmodified after 
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the balloon was withdrawn. There is no 
evidence that the device can be repositioned 
by this technique, but halting flow through the 
foam to allow blood stasis and clotting may 
have some advantages and deserves further 
study. 

We found that implantation of the 17 mm 
occluder and the size of the ductus were 
associated with residual shunting. The 
problem may be intrinsic to a larger ductus or 
to the way the prosthesis sits within it. The 
surface area of the foam available to the 17 
mm device may not be sufficient to occlude the 
larger ductal communications, though the 
diameter of the device arms appears adequate 
for safe placement. 

The Rashkind system is a safe and success- 
ful method of eliminating shunts.*’ Subtle 
design changes may further increase both the 
short and long term success rates. There is 
enough clinical experience with the procedure 
for it to be regarded as the first choice for 
treating patients in whom a ductus arteriosus 
persists. 
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Pulmonary blood flow after total cavopulmonary 


shunt 


Andrew N Redington, Daniel Penny, Elliot A Shinebourne 


Abstract 
The pattern of pulmonary blood flow was 
studied in three patients after a 
total cavopulmonary shunt procedure. 
Doppler studies showed a phasic pattern 
of flow which varied with the respiratory 
cycle. Pulmonary blood flow was in- 
creased with normal inspiration, and 
was much augmented by the Mueller 
manoeuvre. This suggests that flow was 
occurring when a negative intrathoracic 
pressure was generated. During a brief 
Valsalva manoeuvre blood flowed away 
from the lungs. With a sustained 
Valsalva manoeuvre there was no spon- 
taneous forward flow; instead there was 
low velocity pulsatile pulmonary blood 
flow that coincided with ventricular sys- 
tole. Left ventricular cavity diniensions 
decreased, reflecting a . considerably 
reduced pulmonary blood flow. 
Pulmonary blood flow after the total 
cavopulmonary shunt operation is 
critically dependant on changes in 
intrathoracic pressure. This has im- 
portant implications in terms of the 
immediate postoperative management 
of these patients. 


The total cavopulmonary shunt procedure 
was first performed by Kawashima and co- 
workers.’ It is usually performed in patients 
with isomerism of the left atrjal appendages 
and complex intracardiac abnormalities which 


preclude a biventricular repair. Abnormalities 
of systemic venous drainage are common in 
these patients; there is ‘usually no intrahepatic 
portion of the inferior vena cava and systemic 
venous blood from the lower body drains to a 
superior vena cava via an azygos or hemi- 
azygos vein. Anastomosis of the superior 
vena cava (or venae cavae) to the pulmonary 
arteries thus provides a “physiological”’ 
correction of the circulation. Unlike the Fon- 
tan procedure and its modification, however, 
the right side of the heart is completely bypas- 
sed, with only venous blood from the coron- 
ary sinus and liver draining directly to the 
atria. Thus pulmonary blood flow occurs with- 
out the direct influence of a pumping chamber 
between systemic veins and pulmonary artery. 
Despite the uniqueness of this circulation, 
there is little known about the pattern of 
pulmonary blood flow in these patients.’ 

We used Doppler echocardiography to 
show the pattern of pulmonary blood flow at 
rest. We also examined how changes in 
intrathoracic pressure induced by the Mueller 
and Valsalva manoeuvres affected this pattern. 


Patients and methods 

Three patients were studied. The table shows 
the full sequential diagnosis, details of 
previous surgery, and anthropometric data for 
each patient. There was left atrial isomerism 
with complex intracardiac anomalies preclud- 
ing a biventricular repair in all of the patients. 
Two had undergone previous aortic-to- 


Full sequential diagnosis, anthropometric data, and details of previous surgery for each of the patients 


Data 


Sex 

Date of birth 

Atrial situs 

Systemic venous drainage 


Atrioventricular connection 


Ventriculoarterial 
connection 


Previous procedures 


Date of total cavopulmonary 
anastomosis 


Follow up 


Patient 1 


Female 
July 1983 
Left atrial isomerism 


Hemuazygos conunuation to 
left superior vena cava. 
Separate right superior 


vena cava 


Double inlet right ventricle 
(common valve) 


Double outlet nght 
ventricle, 
atresia 

Modified left Blalock- 
Taussig shunt, right 
Glenn anastomosis 


May 1986 


4 years 





Patient 2 


Female 

June 1977 

Left atrial isomerism 

Azygos continuation to right 
superior vena cava Left 
superior vena cava to 


innominate vein 


Double inlet left ventricle 
(common valve) 


Double outlet left ventncle, 
pulmonary atresia 


Classic right Blaiock- 
'Taussig shunt 


February 1989 


15 months 


Panent 3 

Female 

February 1976 

Left atrial 1somensm 
Azygos continuation to right 


superior vena cava Separate 
left superior vena cave 


Double inlet left ventricle 
(common valve) 


Concordant 


Pulmonary artery banding, left 
Glenn anastomosis 


April 1990 


3 months 
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Figure! Pattern of 
pulmonary blood flow in 
one of the patients during 
normal spontaneous 
respiration. Blood flow was 
synchronous with 
respiration, increasing on 
inspiration. ECG, 
electrocardiogram; PCG, 
phonocardiogram; resp, 
respiratory motion trace; 
insp, inspiration, Velocity 
calibration interval 

12:5 emis. 


Figure 2. Doppler 
recording of pulmonary 
blood flow at held end tidal 
expiration showing a 
biphasic pattern. Flow 
towards the lungs was 
increased during both 
ventricular and atrial 
systole (arrows mark onset 
of flow coinciding with 
atrial systole}. ECG, 
electrocardiogram. 
Velocity calibration 
interval 12:5 emis. 


pulmonary shunt procedures; the other had 
had banding of the pulmonary artery (patient 
3). Patients 1 and 3 had also undergone a 
bidirectional Glenn procedure (anastomosis of 
a separately draining superior vena cava to the 
contralateral pulmonary artery) before com- 
pletion of the total cavopulmonary shunt. In 
none of the patients was there an intrahepatic 
portion of the inferior vena cava. The hepatic 
veins and coronary sinus drained directly to 
the right sided left atrium in all. 

The postoperative course was uncompli- 
cated in all of the patients. The mean hospital 
stay was nine days. At follow up all patients 
gave a history of mild cyanosis on exertion but 
were otherwise symptom free. All patients had 
normal atrioventricular synchrony with a 
normal PR interval on the resting electro- 
cardiogram. The axis of the P wave was sug- 
gestive of an ectopic atrial focus in all of the 
patients, however, as is commonly the case in 
patients with left isomerism. 


DOPPLER ECHOCARDIOGRAPHY 

All patients were studied with a 5 MHz range 
gated pulsed wave Doppler imaging system 
(Toshiba Instruments). They were examined 
at least three hours after their last meal. 
Recordings were made with the patient lying 
at 45" with the neck slightly extended. Supra- 
sternal cross sectional images of the cavo- 
pulmonary anastomosis were first obtained to 
ensure the smallest angle of incidence between 
blood flow and Doppler beam. Pulsed wave 
Doppler flow measurements were then re- 
corded with the sample volume at the junction 
of the superior vena cava with the pulmonary 
artery in each patient. This site was chosen 
because flow in this region was laminar and the 
site of the anastomosis has a relatively fixed 
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cross sectional area. Thus changes in velocity 
can be assumed to represent changes in the 
volume of flow. In the two patients in whom 
both superior venae cavae were anastomosed 
separately, Doppler recordings were taken in 
the caval vein to which the azygos vein was 
connected. Doprler flow-velocity profiles were 
first recorded dvring spontaneous respiration 
and during held end tidal expiration. The 
patient was ther. asked to breathe through a 
mouthpiece that was connected to a valve 
which allowed rapid occlusion of the airway. 
The airway pressure was measured by an 
analogue pressure gauge (Bourdon Instru- 
ments), which could be seen by the patient. 
Doppler flow recordings were then made dur- 
ing several respiratory manoeuvres: 

(a) Brief Valsalva manoeuvre—that is, 
intermittent forced expiration (at normal end 
tidal inspiration; with an open glottis but a 
closed airway, to a peak airway pressure of 25 
cmH,0. Repeated after 3-5 seconds. 

(b) Prolonged Valsalva manoeuvre—pro- 
cedure as above, but the patient encouraged to 
maintain airway pressure at approximately 
25-35 cmH,0 for 20 seconds. 

(c) Brief Mueller manoeuvre—that is, inter- 
mittent forced inspiration (at normal end tidal 
expiration) with open glottis but a closed 
airway, to reach a negative airway pressure of 
—25 cmH,0, followed by release. Repeated 
after 3—5 seconds. 

(d) Prolonged Mueller manoeuvre—as 
above, with the patient encouraged to main- 
tain negative airway pressure of 25-35 cmH;o 
for 20 seconds. 

In patients 2 aad 3 we recorded an M mode 
echocardiogram of the left ventricle during 
a prolonged Valsalva manoeuvre. Cavity 


dimensions were measured from a parasternal 
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Figure 3 Recording of 
pulmonary blood flow 
during repeated brief 
Mueller manoeuvres in 
another patient. There was 
considerable augmentation 
of blood flow during the 
manoeuvres. In this 
patient inspiratory motion 
registered as an upward 
deflection on the 
respiratory motion trace, 
ECG, electrocardiogram, 
PCG, phonocardiogram. 
Velocity calibration 
interval 12-8 cm/s. 


Figure 4 Recording to 
show the effect of repeated 
brief Valsalva manoeuvres 
in patient 1. There was 
blood flow away from the 
lungs with each 
manoeuvre. ECG, 
electrocardiogram; PCG, 
phonocardiogram. 








long axis section recorded at the level of the 
atrioventricular valve tips. Doppler inflow 
velocities across the common atrioventricular 
valve were also recorded at rest and during a 
prolonged Valsalva manoeuvre in these two 
patients. All measurements were made with a 
simultaneous electrocardiogram, phonocar- 
diogram, and respiratory motion trace and 
recorded on paper at a speed of 50 or 100 mm 
per second. 


Results 

The patterns of flow at rest and the effect of 
Mueller and Valsalva manoeuvres were similar 
in all of the patients. 


NORMAL SPONTANEOUS RESPIRATION 

Figure 1 shows the effect of normal respiration 
on pulmonary blood flow. There was a phasic 
variation of flow velocity that was synchronous 
with respiratory movements. With inspiration 
there was considerable augmentation of flow 
towards the lungs. At end inspiration (at the 
onset of active expiration) there was cessation 
of flow towards the lungs in two of the patients 
(fig 1) and considerable attenuation of flow in the 
other. During normal resting respiration there 
was no discernible influence of cardiac contrac- 
tion on the pattern of pulmonary blood flow in 
any of the patients. The respiratory variation in 
flow was lost at held end tidal expiration. In one 
of the patients there was continuous low 
velocity non-phasic flow. In the other two 
patients the flow pattern could be related to the 
cardiac cycle. In one there was an increase in 
flow velocity during ventricular systole, and in 
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the other there was a biphasic pattern with 
increase in flow velocity coincident with b 
ventricular and atrial systole (fig 2). 





EFFECT OF THE MUELLER MANOEUVRE 

Figure 3 shows the effect of repeated brief 
Mueller manoeuvres in one of the patients. 
There was considerable augmentation of fl 
towards the lungs during the manoeuvre in all 
of the patients. With a prolonged Muelier 
manoeuvre there was an initial surge of blood 
flow, followed by continuous, non-phasic flow 
towards the lungs. There was no phasic 
element to suggest any effect of cardiac con- 
traction. 








VALSALVA MANOEUVRE 

There was retrograde flow (away from the 
lungs) in the superior vena cava in all of the 
patients during the brief Valsalva manoeuvre 
(fig 4). With the sustained Valsalva manoeuvre 
the pattern was quite different. Initially the 
direction of flow was away from the lungs, as in 
the brief manoeuvre. After 2-5 seconds phasic 
forward flow (towards the lungs) was estab- 
lished. Figure 5 shows this pattern. There was 
virtually no spontaneous flow into the pul- 
monary artery; the only forward flow occurred 
during ventricular systole. There was no 
separate diastolic component to forward flow 
In each patient there was a surge of flow towards 
the lungs on release of the Valsalva manoeuvre. 





LEFT VENTRICULAR CAVITY DIMENSIONS 

Left ventricular cavity dimensions were re- 
corded at rest and during a prolonged Valsalva 
manoeuvre in two patients. There were similar 
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Figure 5. Pulmonary 
blood flow during a 
prolonged Valsalva 
manoeuvre Flow towards 
the lungs coincided with 
early ventricular systole. 
ECG, electrocardiogram, 
PCG, phonocardiogram; 
resp, respiratory motion 
trace. Velocity calibration 
mterval 5 cm/s. 


Figure6 M mode 
echocardtograms of the left 
ventricle recorded before 
(right hand panel) and 
during (left) a prolonged 
Valsalva manoeuvre. 
There was a considerable 
reduction in cavity 
dimension as a consequence 
of diminished pulmonary 
blood flow ( see fig 5). 
ECG, electrocardiogram; 
PCG, phonocard:ogram; 
EDD, end diastolic 
dimension. 








findings in both. Figure 6 shows that the cavity 
size was much reduced during the prolonged 
Valsalva manoeuvre in each of the patients. In 
the patient illustrated there was a dilated cavity 
with very incoordinate wall motion; cavity 
dimensions and basal wall motion were normal 
in the other patient. The end diastolic cavity 
dimension fell by 7 and 13 mm respectively 
during a prolonged Valsalva manoeuvre. 
Doppler inflow velocities recorded across the 
common atrioventricular valve were reduced in 
both, suggesting reduced flow. The ratio of the 
A wave to the E wave was unchanged, however. 


Discussion 

The total cavopulmonary shunt operation is an 
extracardiac procedure that provides a physio- 
logical “correction” of the circulation in chil- 
dren with complex congenital heart disease. It 
is usually performed when there is an interrup- 
ted inferior vena cava with return of venous 
blood from the lower body via an azygos or 
hemiazygos continuation to a superior vena 
cava. There is usually isomerism of the left 
atrial appendages with complex associated 
intracardiac anomalies that preclude a bi- 
ventricular repair in these patients. 
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Anastomosis of the distal superior vena cava (or 
venae cavae) end to side with the pulmonary 
artery thus directs most of the systemic venous 
return to the pulmonary vascular bed. Unlike 
the Fontan operation or its modifications,‘ * the 
right atrium and ventricle are completely 
bypassed. There is therefore a unique oppor- 
tunity to examine the factors that may influence 
pulmonary blood flow when there is no pump- 
ing chamber in the pathway between the 
systemic veins and the pulmonary artery. 

It is clear from our study that respiratory 
movements have a major influence on pulmon- 
ary blood flow in these patients. At rest the flow 
in the superior vena cava towards the lungs is 
synchronous with and increased by inspiration. 
It is likely that the negative intrathoracic pres- 
gure generated during normal inspiration 
draws blood from the systemic venous 
reservoir towards the lungs. Certainly, this flow 
is considerably increased during the Mueller 
manoeuvre, when a much larger negative 
intrathoracic pressure is generated. When res- 
piration was suspended at end expiration the 
respiratory variation in pulmonary blood flow, 
not surprisingly, was lost. In one patient there 
was continuous low velocity flow with no phasic 
element. In the other two, however, there was a 
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phasic variation with the cardiac cycle. Flow 
towards the lungs occurred predominantly 
during ventricular systole, but in one of the. 
patients there was a biphasic flow pattern with 
an increase in flow velocity occurring with atrial 
systole (fig 3). This latter observation confirms 
the findings of Miura and coworkers,’ in the 
only other study of pulmonary blood flow in 
these patients. The effect of respiration was not 
specifically examined, but in their two patients 
examined after total cavopulmonary shunt 
operation there was a biphasic pattern of pul- 
monary blood flow at held end expiration. A 
biphasic pattern of pulmonary blood flow has. 


. also been shown in patients after the Fontan 


operation.5? Similarly, the effects of respiration 
have not been specifically examined in these 
patients, but there is some evidence that pul- 
monary blood flow increases during inspiration 


dn patients with. an ateiopalnonsry anas- 
, tomosis.* 


D 


"[here was an Paporit, and potentially 
clinically significant, effect of the Valsalva man- 
oeuvre in our patients. With a brief increase in 
intrathoracic pressure to 25 cm#H,0 there was a 
reversal of flow in the superior vena cava. That 
is, blood flowed away from the lungs. With the 
sustained . Valsalva manoeuvre, spontaneous 
blood flow towards the.lungs was abolished. 
There was, instead, a small amount of forward 
flow with each ventricular systole (fig 6). The 
considerable reduction in ventricular cavity 
size during this manoeuvre presumably reflects 
this reduction in: pulmonary blood flow. The 
exact mechanism responsible for this pattern of 


` flow is unknown, however. It is possible that it 


reflects the effects of a raised systemic venous 
pressure with an additional pulsatile element 
imposed by ventricular systole. Thus there is 
transmission of the arterial pulse to the venous 
system which overcomes the effects of the raised 
intrathoracic pressure—that is, blood is being 
pushed into the lungs. Alternatively, this pat- 
tern may occur as a consequence of a fixed 
intrathoracic volume. During.ventricular sys-° 
tole blood leaves the thorax and so must be 
replaced, either from the hepatic veins (a 
limited blood reservoir) or via the systemic 
veins. We speculate therefore that this flow 
pattern may reflect physiology similar to that of 


the x descent of the jugular venous pressure^ ' 


. pulse, flow in the pulmonary artery occurring 
during ventricular systole—that i is, the Bleoei is 
*pulled" i into the lungs. 

Whatever the mechanism these findings may 
have important clinical implications. In the 
immediate postoperative period these patients 
require positive pressure ventilation during 
their recovery from operation. It is likely that 


217 


any increase in mean airway pressure will 
decrease pulmonary blood flow. Indeed an 
important reduction in cardiac output with 
increasing values of positive end expiratory 
pressure has been shown in patients imme- 
diately after the Fontan operation. It is 
therefore important to maintain the mean air- 
way pressure as low as possible during the 
postoperative period in these patients. An 
alternative strategy might be to ventilate these 
patients with a negative extrathoracic pressure 
device. Our preliminary data suggest that this 
mode of ventilation may have two potential 
advantages. Firstly, the detrimental effects of 
positive pressure ventilation may be avoided. 
Secondly, because negative intrathoracic pres- 
sure is generated, pulmonary blood flow is 
augmented.!! 

In summary, pulmonary blood flow in 


‘patients after a total cavopulmonary shunt 
` procedure is much influenced by respiratory 
‘movements. There is increased flow during 


normal inspiration, and this is augmented 
during the Mueller manoeuvre. The Valsalva 
manoeuvre, by producing a positive intra- 
thoracic pressure, leads toa clinically significant 
reduction in pulmonary blood flow. 
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Analysis of left ventricular wall movement before 
and after reimplantation of anomalous left 
coronary artery in infancy 


Julene S Carvalho, Andrew N Redington, Paul J Oldershaw, Elliot A Shinebourne, 


Christopher R Lincoln, Derek G Gibson 


Abstract 

Five infants who underwent direct 
reimplantation or redirection of an 
anomalous left coronary artery from the 
pulmonary artery to the aorta were 
studied. There were no deaths from the 
procedure. Anastomoses were patent ata 
mean follow up of 33 months. Left 
ventricular angiograms before and after 
operation were digitised frame by 
frame. Analysis of wall motion showed 
considerable generalised hypokinesia 
with no change in cavity shape before 
operation. After reimplantation there 
was a significant improvement of global 
ventricular function as assessed by ejec- 
tion fraction and end diastolic shape 
index. There was also a tendency for the 
shape index change to increase; this was 
compatible with better global systolic 
function. Three of the four patients who 
were restudied showed normal isometric 
and contour wall motion plots. One 
child, the oldest at the time of operation, 
still showed asynchronous onset of 
contraction and isovolumic relaxation. 


The procedure offers a low risk of. 


mortality and a high rate of patency 
of the anastomosis. Improvement of 
ventricular function can be remarkable 
and its extent cannot be assessed simply 
by ejection fraction measurements. 


Anomalous origin of the left coronary artery 
from the pulmonary artery is a rare congenital 
anomaly. Infants presenting with heart failure 
from impaired left ventricular function have a 
high mortality and morbidity without opera- 
tion.’ It 1s now clear that establishment of a 
two coronary artery system is the treatment of 


-choice either by direct reimplantation? or by a 
technique in which the left coronary artery is. 


tunnelled into the aorta via a pulmonary 


artery baffle and aortopulmonary window.?* 


While improvement of global indices of left 
ventricular function has been documented 
after operation (for example, an increased 
ejection fraction), we know of only a few 
studies’ of wall movement. An earlier opera- 
tion may reduce the number of persistent wall 
motions abnormalities and hence the risk of 


late sudden arrhythmic déaths if such abnor- 


malities reflect electrical instability at- junc- 
tions of normal and impaired myocardium. 


Patients and methods 

From October 1984 to March 1989, five infants 
with an anomalous left coronary artery arising 
from the pulmonary artery underwent opera- 
tion at the Brompton Hospital. They all 
presented with heart failure and evidence of 
myocardial infarction or ischaemia on the 
electrocardiogram. The diagnosis was suspec- 
ted on echocardiography and confirmed at car- 
diac catheterisation when selective right coron- 
ary artery injection showed late filling of the left 
coronary system. Preoperative left ventricular 
angiograms were available in four. 

'The mean age at operation was 4:2 months 
(range 2-8—5-7) and mean weight 4-6 kg (range 
3-6-5-6). Cardiopulmonary bypass was used in 
two and deep hypothermia with circulatory 
arrest in the other three. Direct reimplantation 
was possible in four while an intrapulmonary 
pericardial baffle was constructed in the 
remaining infant.‘ 

Cardiac catheterisation and angiography 
were performed postoperatively in four 
patients at a mean of 33 months (range 22-40) 


: after the operation. The left coronary artery 


was selectively injected through a 5F Amplatz 
or left Judkins catheter. Left ventricular 
angiograms obtained in the 30° right anterior 
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Figure 1 Cavity outlmes obtained from patient 4 in 
systole and diastole before and after reumplantation. 
There was global improvement in the amplitude of wall 
motion. 
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Values derived from frame by frame analysis of left ventricular angiograms 


Ageat EF (96) 
operation 

Patent (mnth) Before 

1 47 18 

2 40 22 

3 57 23 

4 28 21 

5 38 — 

Median 21-5* 


EDSI (9$) Shape index change (%} 

After Before After Before After 

— 875 — 0 — 

74 85 81 5 135 

40 92 77 0 5 

70 89 81 7 13 

69 — TI 5 — 16 

69 5* 88 2* 79* 25t 135t 


r—————— mei cb ESRB RUNE 
Mann-Whitney U test: *p < 003, {NS EDSI, end diastolic shape index; EF, ejection fraction. 


Figure 2. Plots of shape 
index obtamed from 
patient 4. Before operation 
the cavity toas more 
circular at end diastole 
(time — 0 s), and there 
was little change in cavity 
shape during the cardiac 
cycle. After 
reimplantation the degree 
of systolic shape change 
had increased suggesting 
improvement in global 
systolic function. 


Shape index 


oblique view were digitised frame by frame to 
study abnormalities of wall movement before 
and after operation.’ Plots of superimposed 
cavity outlines were obtained in systole and 
diastole (fig 1). The cavity area was calculated 


by numerical integration, and volumes, derived ' 


from the area (area-length method) were used 
to calculate ejection fraction. The left ven- 
tricular shape index, a measurement of the 
“roundness” of the cavity outline, was derived 
from single plane angiograms as 4n(cavity 
area)/(perimeter)". The maximum shape index 
is 1, or 100%, when the cavity outline is 
circular, and cavity obliteration gives a value of 
zero. The shape index of the normal left 
ventricle decreases by approximately 20% dur- 
ing systole.? Thus a substantial part of ejection 
can be accounted for by the change in cavity 
shape alone, rather than global myocardial 
shortening. 

Plots of local wall movement were displayed 
against time. The left ventricular cavity outline 
was divided into 40 equal segments at end 
diastole. The wall position in each frame was 
then measured in mm along a line defined for 
each of these segments to the nearest point on 
the end systolic outline. Wall movement was 
displayed to give a three dimensional impres- 
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sion (isometric wall motion plot), where inward 
movement was an upward deflection, or as a 
series of contour lines joining points which had 
the same displacement (contour wall motion 
plot). Successive contours represent inward or 
outward movements of 1 mm. The two vertical 
lines show times of minimum cavity area and 
mitral valve opening.’ Onset of inward motion 
is marked “X” for each segment.'? 


Results 

PATENCY OF ANASTOMOSIS 

The four patients who were re-evaluated 
had direct reimplantation of the anomalous 
coronary artery into the aorta. All anastomoses 
were patent at a minimum follow up time of 22 
months. The remaining patient who under- 
went repair via an intrapulmonary baffle showed 
clinical improvement one year later and the 
state of the anastomosis will be assessed at the 
end of a longer follow up. This infant had a 
baffle type of repair because the origin of the left 
coronary artery was a sheath of small vessels 
arising from the pulmonary artery. 


GLOBAL LEFT VENTRICULAR FUNCTION 

The table shows the indices of global left 
ventricular function. The ejection fraction was 
severely impaired (median 21:5%) before 
operation but returned to normal in all but one 
patient (median 69-594) after operation. The 
left ventricular cavity (fig 2) was more circular 
than normal at end diastole (greater end dia- 
stolic shape index) and showed a lesser degree 
of change in shape during systole (lower 
systolic index change). The end diastolic shape 
index decreased after operation (p « 0-03) and 
there was a tendency for the degree of systolic 
Shape change to increase; both features are 
compatible with improved global systolic 
function (fig 2). 


LOCAL WALL MOVEMENT 

The very low amplitude of wall movement seen 
preoperatively made it difficult to analyse 
regional wall motion in isometric and contour 
wall motion plots. Similar plots after operation 
showed a considerable improvement of the 
pattern of wall motion (figs 3—5). Plots were 
considered to be within normal limits in three 
of the four patients who were recatheterised. 
Shape changes were normal with synchronous 
onset of inward motion (marked with X for 
each segment) in all of these patients and there 
was no evidence of pathological asynchrony 
during isovolumic relaxation (figs 3 and 4). In 
the remaining child there were residual 
abnormalities. Figure 5 shows the isometric 
and contour plots from this patient. The onset 
of inward motion was delayed in the anterior 
region. Furthermore, outward motion of 
segments in the inferior region began before 
mitral valve  opening—that is, during 
isovolumic relaxation. This child was the oldest 
one in this series at the time of operation (5-7 
months). 
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Figure 3 Isometric (A, B) and contour maps of wall movement ( C, D) obtained from 
patient 4 before and after surgery. There is considerable hypokinesia and asynchrony of 
mward motion before surgery (A, C). Following resmplantanon there 1s a normal, 
synchronous pattern of contraction (B, D). 
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Figure4 Isometric (A, B) and contour plots (C, D) obtained from patient 2 before 
lo 600 and after operation. As shown in fig 3, there was considerable hypokinesia before — - 
Time (ms) operation. After operation the wall motion plots were normal 
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Discussion 

Reported surgical mortality for an anomalous 
coronary artery in infancy in the early 1980s 
was as high as 75-8094"? and a delay of 
operation was therefore advocated." 

With new techniques of obtaining a dual 
coronary artery system either by direct re- 
implantation or redirection of the coronary 
artery, the chances of early survival have 
improved.?' In our series there was no 
operative mortality, as in other recent 
series.) ?!$ The high patency rate of the 
anastomosis in the patients who underwent 
direct reimplantation also supports the use of 
this technique even for very sick and young 
infants. Early surgical intervention with 
establishment of a dual coronary artery system 
now seems to be the best option for infants with 
symptoms.!5 !8 

In 1980, Levitsky et al reported one case of 
improvement of ejection fraction, assessed by 
echocardiography, after reimplantation of the 
anomalous coronary artery into the aorta.’ 
There was also evidence of improved contrac- 
tion, ejection fraction? and shortening 
fraction" after restoration of a dual coronary 
artery system early in life. Rein and colleagues 
in 1987? reported improvement in regional and 
global function assessed by echocardiography 
before and after the use of Takeuchi's tech- 
nique’ in five infants. Preoperatively they did 
not find localised abnormalities of ventricular 
function but rather a uniform reduction of the 
shortening fraction for various segments 
studied with no segment-to-segment variation. 
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Figure 5 Isometric (A, B) and contour wall monon (C, D) plots obtained from 
panent 3 before and after operation. There was generalised hypokinesia before operaron 
After reimplantanon the amplitude of wall motion mproved. See text for details. 


Analysis of global left ventricular function in 
four of our patients after operation showed a 
similar considerable improvement of global 
systolic function in all patients. Not only did 
the ejection fraction increase but the normal 
change in left ventricular shape reappeared. 
Local wall movement became normal in timing 
and extent in three patients, and in one child 
residual localised hypokinesia and asynchrony 
persisted during isovolumic relaxation. 
Despite this, the ejection fraction increased 
strikingly and the child is now symptom free. 
This child was the oldest at the time of opera- 
tion and while no firm conclusions can be drawn 
about the optimal timing of operation, it seems 
reasonable to suggest that the earlier the opera- 
tion is performed the greater the chance of 
myocardial recovery and return to a normal 
systolic function. 

There can be no doubt that early reimplanta- 
tion or redirection of an anomalous coronary 
artery is the best treatment for infants with 
symptoms. It is attended by a low mortality, 
has a high rate of anastomotic patency, and 
dramatically improves left ventricular func- 
tion. Whereas our data on left ventricular 
function confirm the previously published data, 
the demonstration of full recovery of regional 
ventricular function in our patients is unique. 
Synchronous contraction returns, reflecting 
normal interrelations between the various 
functional units of the ventricular myo- 
cardium. Presumably therefore, they were not 
lost even though the cavity was dilated and the 
amplitude of endocardial motion was greatly 
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reduced. There is further support for 
recommending direct reimplantation wherever 
possible. 

Longer term follow up is obviously required, 
but short and medium term results are already 
encouraging and indicate longer survival and a 
better quality of life for these children. 
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Ebstein’s anomaly associated with splenomegaly 
and reversible hypersplenism 


MR Bennett, M F Shiu 


Abstract 

A case of Ebstein’s anomaly associated 
with chronic right heart failure, hepato- 
splenomegaly, and the haematological 
features of hypersplenism is presented. 
The haematological abnormalities were 
corrected after tricuspid valve re- 
placement but recurred with the re- 
emergence of clinical features of right 
heart failure. 


Ebstein’s anomaly often results in right heart 
failure with an increase in systemic venous 
pressures. The latter, when transmitted as 
raised portal venous pressures, can cause 
splenomegaly and the haematological features 
of hypersplenism. The occurrence of rever- 
sible hypersplenism associated with changes 
in right sided pressures in Ebstein’s anomaly 
has not been described before. 


Case report Re ee 

Ebstein’s anomaly was diagnosed in a child 
with cyanosis on exertion, characteristic 
physical findings, and radiological evidence of 
cardiomegaly. He remained well, however, 
without treatment, until the age of 35 when he 
presented with dyspnoea and epistaxis. On 
examination he had cyanosis at rest, features 
of right heart failure with tricuspid regurgita- 
tion, bepatosplenomegaly, and widespread 
purpura. Investigations performed at that 
time showed a haemoglobin concentration of 
188 g/l (normal range 135-165), white cell 
count of 3:0 x 10°/l (normal range 4:0-11-0 x 
10°/l), and a platelet count of 75 x 10?/l 


Department of (normal range 150—450 x 10°/1). Cardiac 
ok dca catheterisation showed raised right sided pres- 
Hospital, Birmingham ‘sures and tricuspid regurgitation (table) and 
MR Bennett normal left sided pressures. At operation, 
M F Shiu undertaken on the basis of symptoms and 
Correspondence ts evidence of heart failure, the tricuspid valve 
Department of Cardiology, was shown to be incompetent with an 
Ue of Walas Colege — aneurysmally dilated right atrium, small right 
Cardiff CF4 4XN. ventricle, -and a patent foramen ovale. The 


Pressure recordings ( systolic|dxastohc (mm Hg) ) at cardiac catheterisation before each 
operation and 16 years after replacement of the tricuspid valve 








Before Before triscuspid 16 years after 
Chamber valvoplasty valve replacement tricuspid valve replacement 
Right atrium 11/1 (mean = 6) 30/15 (mean = 24) 33/20 (mem = 2 
Right ventricle 22/0 (mean = 12) 30/15 (mean = 23) 37/20 (mean = 39 





tricuspid valve insertion was typical of 
Ebstein’s anomaly. Initial surgical inter- 
vention was plication of the right atrium, 
which made the tricuspid valve competent, 
together with closure of the foramen ovale. 
However, there was little improvement in 
symptoms after this operation. Right heart 
failure became worse over the next two years 
and he required further admissions. Inves- 
tigations at this time showed a haemoglobin 
concentration of 175 g/l, a fall in his white cell 
count to 2-2 x 10°/l, and a platelet count of 
70 x 10?/l. Cardiac catheterisation showed a 
further increase in his right sided pressures 
(table) and another operation was considered. 

The tricuspid valve was replaced with a 
Starr-Edwards prosthesis two years after 
valvoplasty and his clinical signs of right heart 
failure resolved with a considerable im- 
provement in symptoms. This was associated 
with a dramatic reduction in his hepato- 
splenomegaly as assessed clinically and on 
abdominal radiography and a sharp rise in his 
neutrophil and platelet counts, which restored 
them to normal (figure). Between 1978 and 
1989 signs of right heart failure gradually re- 
emerged with progressive hepatosplenome- 
galy and concomitant falls in his neutrophil 
and platelet counts (figure). Cardiac catheter- 
isation showed a further increase in right 
sided pressures (table). 

At each admission the patient was inves- 
tigated for causes of his pancytopenia. Bone 
marrow samples showed a consistently hyper- 
cellular marrow, with increases in all cell 





als : 
Se i 
xx 3 
A à 
i i e 
$ 2 
Za T 





Time {yr} 


White cell, neutrophil, and platelet counts during each 
operation and at follow up. ( Means of three 
observations.) 
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lines, but no evidence of megaloblastosis, dys- 
plasia, or infiltration. Intravascular haemolysis 
was excluded by a normal peripheral blood 
film, serum haptoglobin, and urinary hae- 
mosiderin. Coombs test and the Ham acid 
lysis test were negative and serum vitamin B,, 
and folate concentrations were normal. Anti- 
DNA antibodies and the rheumatoid arthritis 
latex test were negative. Infective endocarditis 
was excluded by repeated negative blood cul- 
tures. The pancytopenia was therefore 
attributed to hypersplenism. An ultrasound 
scan of the abdomen confirmed hepatic venous 
congestion and hepatosplenomegaly, and the 
presence of splenic varices implied portal 
hypertension, though the portal vein was 
patent and of normal size. 


Discussion 

Hypersplenism is defined as a depression of 
one or more of the cell counts in the circulat- 
ing blood that can be wholly attributed to 
splenic enlargement and is associated with a 
cellular bone marrow.’ Other causes of pan- 
cytopenia: hypersplenism, marrow aplasia/ 
dysplasia, marrow. infiltration, megaloblas- 
tosis, systemic lupus erythematosis, and 
paroxysmal nocturnal haemoglobinuria were 
excluded as indicated above. The patient's 
initial polycythaemia is usual in cases of 
Ebstein’s anomaly with right to left shunt? 


-and was corrected by closure of the shunt. 


Our patient with Ebstein's anomaly had had 
chronic right heart failure with raised sys- 
temic venous pressures for many years. 
Chronic right heart failure with hepatic ven- 
ous congestion is associated with splen- 
omegaly in 12-25% of patients?5; the 
mechanism is believed to be portal venous 
hypertension secondary to raised hepatic ven- 
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ous pressures. Moderate to severe symptoms 
in Ebstein's anamaly or the presence of heart 
failure are regarded as indications for tricus- 
pid valve plication or replacement Re- 
placement has been shown to reduce right 
atrial pressures, and should therefore reduce 
both systemic and portal venous pressures. 
Reduction in portal venous pressures, for 
example after distal spleno-renal shunting 
procedures, reversed the neutropenia and 
thrombocytopenia of hypersplenism and this 
was associated with a reduction in splenic 
size.7* 

Hypersplenism in our patient seems to be 
the result of reised systemic (and thus portal) 
venous pressures, and treatment of the cardiac 
lesion with reduction in these pressures 
improved the secondary haematological 
characteristics. Such an association between 
Ebstein’s anomaly and hypersplenism has not 
been described before; perhaps because 
detailed longitudinal studies over many years 
are often not possible. Our patient is also 
unusual because he has survived 17 years after 
the onset of heart failure—a poor prognostic 
sign in patients with Ebstein’s anomaly. 


1 Richmond J Hypersplenism. Br J Hosp Med 1980,24: 


11. 

2 Danielson GK, Foster V. Surgical repair of Ebstein's 
anomaly. Aan Surg 1982;196:499-503. 

3 White TJ, Leevy ; Bruscaz AM, et al. The liver in 
congestive keart failure. Am Heart J 1955;49:250-7, 

4 Garn CE. Cardiac cirrhosis. Am J Med Sci 1943;205- 

5 Richman SM, Dolman AJ, Grob D. Alterations in indices of 
liver function in congestive heart failure with particular 
reference tc serum enzymes. Am J Med 1961;30:211—-25. 

6 Abe T, Kometsu S. Valve replacement for Ebstein’s 
anomaly of the tricuspid valve. Chest 1983;84:414—7. 

7 Hudson DG, Deppa R, Levi J, et al. The effect of distal 
spienorenal shunt on hypersplenism. Ann Surg 1977;185: 

8 Ferra J, Elliscn C, Martin EW, Cooperman M. Correction of 
hypersplenism following distal splenorenal shunt. Surgery 
1979;86:570-3. 


~ 


Br Heart J 1991;65:225-6 


Cardiac Unit, 
Papworth Hospital, 
Cambridge 

A A Grace 

M Sutters 

P M Schofield 


Correspondence to 

Dr P M Schofield, Regional 
Cardiac Unit, Papworth 
Hospital, Cambridge CB3 
8RE. 


Balloon dilatation of pacemaker induced stenosis 


of the superior vena cava 


A A Grace, M Sutters, P M Schofield 


Abstract 

A 53 year old woman with symptomatic 
pacemaker associated superior vena 
cava syndrome was treated successfully 
with balloon angioplasty. She was well 
six months after the procedure. 


The superior vena cava syndrome is a well 
recognised but unusual complication of per- 
manent pacemaker implantation. The syn- 
drome results from the development of a sten- 
osis in the superior vena cava with symptoms 
arising secondary to impaired regional venous 
drainage. Management is controversial and 
thoracotomy and caval reconstruction have 
been used to relieve symptoms.'? We report 
the successful use of balloon angioplasty as 
the primary treatment of this condition. 


Case report 

A 53 year old woman presented with a long 
history of severe palpitation. Atrioventricular 
nodal reentrant tachycardia was confirmed at 
electrophysiological study. The arrhythmia 
was refractory to medical treatment and in 
1985 a PASAR (Telectronics) antitachycardia 
pacemaker was implanted. A  Telectronics 
atrial lead was advanced to the right atrial 
appendage without difficulty. This relieved 
her symptoms considerably. A year after the 
procedure she presented with pleuritic chest 
pain and treatment with warfarin was started 
after a clinical diagnosis of pulmonary embol- 
ism. In 1988 she developed swelling of her 
hands and face and an angiogram showed 
stenosis of the superior vena cava proximal to 
its entry into the right atrium. Pulmonary 
artery pressure was normal and a pulmonary 
angiogram showed no evidence of pulmonary 
embolism. No action was taken. By 1990 the 
swelling of her upper body, which was 
especially severe in the morning and was made 
worse by activity, had increased and in addi- 
tion she was experiencing worsening head- 
aches. There was mild pitting oedema of the 
arms. The jugular vein was non-pulsatile and 
visible beyond the angle of the jaw. The 
electrocardiogram showed minor repolaris- 
ation abnormalities and the chest x ray was 
normal. Computed tomography showed a 
normal mediastinum. A repeat angiogram of 
the superior vena cava showed that the sten- 
osis was more severe than before (fig 1). There 
was a gradient of 9 mm Hg between the 
superior vena cava above the stenosis and the 
right atrium. The angiographic appearance 


was suggestive of a fibrotic stricture with 
evidence of associated thrombus. Contra 
injections into the cephalic vein in the 
antecubital fossa showed another stenosi 
the junction of the brachiocephalic and 
subclavian veins on that side. Multiy 
collaterals were also present. Balloon anj 


plasty of the stenosis of the superior vena « 
was undertaken. A 0-035 inch straight guid 
wire and 7F Gensini catheter were introdi 


from the right femoral vein and the wire 
passed through the stenosis to the right 
clavian vein. The catheter was then advan 
through the stenosis to allow a 0-035 ir 
exchange J guide to be introduced. The 
osis was then dilated with an 8 mm balk 


catheter initially and then with a 10 

balloon catheter (Mansfield). A good ang 
graphic result was obtained (fig 2) and 

gradient across the stenosis was abolish 
The procedure was uneventful apart from 

brief episodes of supraventricular tachycard 
during which the pacing unit continued 
function normally. On examination the r 
day the jugular vein was no longer visit 
above the sternal angle. She remained sy: 
tom free six months after the procedure 


Discussion 

Though venous abnormalities induced 
pacemaker leads are common,’ stenosis of 

superior vena cava and associated symptor 
are unusual. The condition is more comn 





Figure 1 Dye injection into the right subclavian veir 
showing stenosis of the the superior vena cava above it 
Junction with the right atrium. The Teletronics atrial 
lead can be seen in position 
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Figure 2. Angiogram 
after balloon dilatation 
showing considerable 
improvement in flow. 





in patients with retained leads and in those 
with infectious complications after pacemaker 
implantation’ and is the result of thrombosis, 
which may be associated with fibrosis. Ideal 
management is not established but thrombotic 
occlusion may be reduced by the administra- 


tion of intravenous thrombolytic agents. 
Several patients have been given oral 
anticoagulants but the risk of resultant 
cerebral haemorrhage is probably increased 
by coexistent cerebral venous hypertension. 
Thoracotomy and caval repair have also been 
undertaken when symptoms persisted and a 
stenosis was shown on angiography. There are 
reports of the use of percutaneous balloon 
angioplasty in two previous patients. In one it 
was used in conjunction with thrombolytic 
treatment" and in the other for restenosis after 
caval repair in which a pericardial patch was 
inserted.' 

Our patient is the first in whom balloon 
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dilatation was used successfully as a primary 
treatment for stenosis of the superior vena 
cava: a stenosis of an innominate vein has 
been dilated and reported previously.” The 
stenosis that we dilated seemed to be fibrotic, 
and not associated with thrombus; it may have 
resulted from damage at the time of introduc- 
tion of the pacing lead. The angioplasty tech- 
nique we used was standard and no appreci- 
able problems were encountered. We expect 
that any complications are likely to be those 
associated with vascular access, lead dis- 
placement, and caval rupture. Restenosis has 
been reported! but the likely incidence cannot 
be determined from the available reports. 

Because the risk of cerebral haemorrhage is 
likely to be increased by the use of 
anticoagulants we recommend balloon angio- 
plasty as the primary treatment for fibrotic 
strictures occurring in this unusual condition. 
Thrombolytic agents should be used only 
when coexistent thrombus is visible on 
angiography and they should be used with 
caution. 


A A G is supported by the British Heart Foundation 
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Diagnosis of mitral valve aneurysm by 
transoesophageal echocardiography 


David B Northridge, James P Gnanapragasam, Alan B Houston 


Abstract 

In a patient with mitral valve aneurysm 
precordial echocardiography suggested a 
mistaken diagnosis of infective endocar- 
ditis. Transoesophageal echocardiogra- 
phic examination established the correct 
diagnosis, which was subsequently confir- 
med at operation. Transoesophageal 
echocardiography gives better resolution 
of lesions associated with the mitral 
valve than precordial examination and 
may improve the diagnostic accuracy. 


True aneurysms, or diverticulae, of the mitral 
valve are a rare cause of mitral regurgitation. 
They are most common in patients with infec- 
tive endocarditis affecting the aortic valve," 
but they may also present with chronic mitral 
regurgitation,” or as a complication of mitral 
valve prolapse.” The precordial echocar- 
diographic features of mitral valve aneurysms 
are non-specific,’ * " and can be misinterpreted 
as a large vegetation, cystic left atrial myxoma, 
or degeneration in association with a prolaps- 
ing leaflet. Delay in making the correct diag- 
nosis increases the risk of infection, embolisa- 
tion, or rupture of the aneurysm; these com- 
plications can be prevented by surgery to 
repair or replace the valve? We report a 
patient in whom a mitral valve aneurysm was 
diagnosed by transoesophageal echocardiogra- 
phy. 


Case report 

A 43 year old woman was admitted to hospital 
with a purpuric rash. On direct questioning 
she also gave a six month history of night 
sweats. She did not report any previous car- 
diac history. Multiple sclerosis had been diag- 
nosed three years earlier after two separate 
presentations with neurological symptoms, 
both of which resolved completely with 
steroid treatment. She was not on any long 
term drug treatment. No cardiac murmurs 
had been noticed on previous hospital visits. 

We found several purpuric skin lesions on 
her trunk and upper limbs. There were no 
other peripheral signs of infective endocarditis 
and her temperature, pulse, and blood pres- 
sure were normal. A loud pansystolic murmur 
(grade 3) was present at the apex. 

The haemoglobin concentration, white cell 
count, and platelet count were normal as was a 
full coagulation screen. Six blood cultures 
were negative, as were serological tests for a 
wide range of viruses. Chest radiography and 


electrocardiography were rmal 
echocardiography showed a 1 
the posterior leaflet of the mitt 
thought to be a large vegetati li 
Doppler examination showed 
severe mitral regurgitation. Infective endi 
ditis was diagnosed and treatment witi 
intravenous antibiotic was started. She 
subsequently referred to 
mary for further cardiologic 
In systole a 
diographic examination showed a larg 
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showed an eccentric jet of mitral regurgitation 
directed towards the interatrial septum. Car- 
diac catheterisation with left ventriculography 
subsequently confirmed that this lesion was a 
mitral valve aneurysm that communicated 
with the left ventricular cavity. The cyst was 
excised on cardiopulmonary bypass, and the 
posterior leaflet of the mitral valve was 
repaired without the need for valve 
replacement. 


Discussion 

Aneurysm of the mitral valve is more com- 
monly reported as a complication of infective 
endocarditis affecting primarily the aortic 
valve.” In other reports, as in our patient, 
there was no previous history of endocarditis, 
though a subclinical infection cannot be 
excluded. Aneurysms of the mitral valve seem 
to be more common on the anterior leaflet than 
the posterior mitral.'? 

Diagnosis of mitral valve aneurysm by 
precordial cross sectional echocardiography 
has been reported before.?*>*°? Our patient, 
however, shows that precordial echocar- 
diography may not be diagnostic in this con- 
dition and can be misleading especially when 
the posterior leaflet is affected.” Mitral valve 
aneurysm may be confused with cystic degen- 
eration of the valve, a cystic atrial myxoma, or 
a large vegetation." Transoesophageal echo- 
cardiography can distinguish between these 
conditions. Because the oesophagus lies 
immediately behind the left atrium it provides 
an excellent echocardiographic window and 
allows a high ultrasound frequency to be used. 
'This gives much better resolution of abnor- 
malities in the region of the mitral valve than 
precordial echocardiography." We are aware 
of only one previous report of trans- 
oesophageal echocardiographic diagnosis of a 


Northridge, Gnanapragasam, Houston 


mitral valve aneurysm, where the findings 
resembled those in our patient." 

Aneurysm of the mitral valve should be 
considered in the differential diagnosis of mass 
lesions seen on the atrial side of the mitral 
valve at precordial echocardiography. A tran- 
soesophageal examination may be needed in 
such patients. When the characteristic 
features described above are present a diag- 
nosis of mitral valve aneurysm can be made 
without recourse to cardiac catheterisation. 


We thank Dr John Reid and Mr Alan Faichney for permission 
to report this case. 
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Recognition of pacemaker lead infection by 
transoesophageal echocardiography 


- G Van Camp, J L Vandenbossche 


Abstract : 
Transoesophageal echocardiography 


identified a pacemaker lead infection in a 
patient in whom transthoracic echo- 


.cardiography was negative and there 


were no specific signs óf skin inflam- 
mation over the pulse generator. 


Infection of a permanent pacemaker system is 
defined as one or more of the following: (a) 
local inflammation and abscess formation in 
the pulse generator pocket; (b) erosion 
through the skin of part of the pacing system 
that is followed by secondary infection; (c) 
fever associated with positive blood cultures 
in a patient without a focus of infection else- 
where.! Diagnosis can sometimes be difficult, 


,especially when the pacemaker leads are infec- 


ted without local inflammation of the pulse 


, generator pocket and without erosion of part 


of the pacing system. Transthoracic echo- 
cardiography can sometimes be helpful but 
image resolution is often inadequate. 

We found that transoesophageal echo- 
cardiography was useful in the diagnosis of 
infection of the pacemaker leads in one of our 
patients. 


Case report i 
In March 1986 a 47 year old man was admit- 
ted for the first time to another hospital for 
surgical correction of an atrial septal defect. 
He was readmitted in June 1986 because of 
syncope caused by an atrioventricular block, 
Mobitz type II, and a dual chamber 
pacemaker was implanted. Four days after 
implantation of the pacemaker system, dis- 
crete inflammation appeared near the pulse 
generator and treatment with local disinfec- 
tion and oral antibiotics (tetracyclines) was 
started. Forty eight hours later the inflam- 
mation had disappeared. 

In November 1988 the patient was treated 
for septicaemia caused by Staphylococcus 
capitis, bronchopneumonia, and spondylodis- 
citis of L2 and L3. The patient was treated 
with oxacillin for six weeks. Slight tenderness 
was noted over the pulse generator pocket. 
After the normal antibiotic treatment, there 
was normal healing of the pulse generator 
pocket and no inflammation. Computed 
tomography showed the beginning of organ- 
isation of the spondylodiscitis lesion. 

'The patient presented in March 1989 with 
tenderness over the pulse generator. Examina- 
tion showed discrete inflammation without 


evidence of abscess formation. The pulse gen-. 


erator was removed but the pacemaker leads 
were left in place. A new pacemaker system 


with new atrial and ventricular leads was 
implanted on the contralateral (left) side. 

The patient was readmitted in July 1989 
with fever and chills. Both the old and new 
pacemaker pockets showed normal healing 
without inflammation. Leucocytosis (white cell 
count 20 x 10?/l with 87% neutrophils) 
and considerable evidence of inflammation 
(erythrocyte sedimentation rate was 106 
mm/h, fibrinogen was 600 mg/dl) were detec- 
ted. Three blood cultures were positive for 
Staphylococcus capitis. 'Transthoracic echocar- 
diography showed no evidence of infection of 
the pacemaker leads. The patient was treated 
with antibiotics but two days after intravenous 
administration was changed to oral treatment, 
fever reappeared and again three blood cul- 
tures grew Staphylococcus capitis. 

The patient was referred to our hospital for 
transoesophageal echocardiography. Four 
pacemaker leads were detected in the superior 
vena cava and right atrium. We also saw what 
appeared to be a large (2 cm-1 cm), mobile 
and lobulated vegetation (figure) alongside one 
or more of the leads. Because of this we 
decided to remove all the parts of the 
pacemaker. 

The right atrium was opened to remove the 
four electrodes which were cut as high as 
possible in the superior vena cava. We found a 
large vegetation on an atrial lead. This lay 
along the wall between the tricuspid valve and 
inferior vena cava. The patches used to 
correct the atrial septum defect and the tri- 
cuspid valve were intact. A new pacemaker 
system was inserted: a pulse generator was 
implanted in the epigastric region and two 
electrodes were implanted on the epicardium, 
one at the base of the right atrium and the 
other on the right ventricle. Then the right 
pectoral leads and the left pectoral leads and 
left pulse generator (surrounded by an old 
haematoma) were removed. 

At follow up four months later the patient 
was well, free from fever, and had no signs or 
symptoms of infection or inflammation with- 
out antibiotic treatment. 


Discussion 
Pacemaker infection is unusual. The reported 
incidence ranges from 0% to 12 6965; with 
current pacemaker procedures the infection 
rate ranges from 0:8% to 3%.'?* The number 
of patients at risk of infection will increase as 
permanent pacemakers become more widely 
used. 

'This potentially lethal condition sometimes 
has a slow course and causes little pain. When 
there are no clear signs of infection and the 
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Transoesophageal 
echocardiogram ( (A4) M 
mode and | B) cross 
sectional) showing 
pacemaker lead with 
vegetation in the right 
atrium 


pacing system has not eroded the skin, diag- 
nosis of pacemaker system infection can be 
very difficult. This is often the case when 
intermittent treatment with antibiotics is 
given—as in our patient. 


The leads often become infected in cases of 


pacemaker infection: pacing electrodes from 
88% of patients operated for pacemaker infec- 
tion gave positive cultures.’ This, however, is 
difficult to demonstrate preoperatively. 
Transthoracic echocardiography is not suf- 
ficiently sensitive. We found that trans- 
oesophageal echocardiography was helpful in 
our patient. We found only one report on the 
diagnosis of hidden pacemaker lead sepsis by 
transoesophageal echocardiography.’ Larger 
studies will be needed to assess the sensitivity 
and specificity of transoesophageal echo- 
cardiography in the diagnosis of pacemaker 
lead infection. 


Van Camp, Vandenbossche 





When there is a strong suspicion of 
pacemaker infection we recommend the 
replacement of the pulse generator and leads. 
Treatment with antibiotics alone is not suf- 
ficient and can mask the progression of the 
infection.’ 
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Low energy catheter ablation of right ventricular 


outflow tract tachycardia 


Arif J Ahsan, David Cunningham, Edward Rowland 


Abstract 

A 38 year old woman with a structurally 
normal heart presented with near 
syncope and had right ventricular 
outflow tract tachycardia. She was 
intolerant of antiarrhythmic medication 
and underwent low energy catheter 
ablation. Six non-arcing shocks of 25 J 
were delivered to the right ventricular 
outflow tract. No further ventricular 
tachycardia occurred during a follow up 
of seven months without antiarrhythmic 
treatment. 


Ventricular tachycardia of left bundle branch 
configuration and with an inferior axis in 
patients with structurally normal hearts is 
recognised as a clinical syndrome.'? It is 
usually brought on by stress and exercise and 
normally has a good prognosis.’ Unlike most 
ventricular tachycardia, it can be suppressed 
by treatment with f/ blockers and calcium 
channel blockers. These features are 
consistent with a catecholamine sensitive 
focus arising from the right ventricular outflow 
tract. Experience with surgery and catheter 
ablation in this condition is limited. 

We describe a patient with right ventricular 
outflow tract tachycardia and a structurally 
normal heart who was intolerant of 


antiarrhythmic medication and in whom iow 
energy catheter ablation was successful. 


Case report 

CLINICAL PRESENTATION 

A 38 year old woman was referred becau 
two episodes of near syncope that occurre 
exertion. She had also experienced several 
episodes of dizziness lasting a few seconds, 
without noticeable palpitation. She 
complained of dyspnoea but she could climb 
20 stairs. She smoked 20 cigarettes per day. 
Clinical examination was entirely normal. The 
electrocardiogram at rest and chest x ray were 
normal. Echocardiography showed normal 
chamber sizes and normal valves. Radio- 
nuclide ventriculography at rest was normal 
for both ventricles. Magnetic resonance 
imaging showed normal left and right 
ventricular dimensions, wall thickness, wall 
thickening, and ejection fractions. 

She performed the modified Bruce protocol 
on a treadmill. Before she mounted the 
treadmill her heart rate increased to 100 beats: 
minute and she developed frequent unifocal 
ventricular extrasystoles with a left bundie 
branch configuration and inferior axis (fig 1). 
After two minutes and 45 seconds of stage 1 
she developed frequent bouts of non- 
sustained ventricular tachycardia (cycle length 









Figure 1 


Twelve lead electrocardiogram showing frequent ventricular extrasystoles with a left bund 
and inferior axis configuration. 
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Figure 2. Twelve lead electrocardiogram produced by pacing at the ablation site. The configuration of the QRS 
complexes closely matched that of the ventricular extrasystoles in fig 1. 


380 ms) with the same configuration as the 
previous extrasystoles. She felt unwell and the 
test was stopped. The episodes of ventricular 
tachycardia rapidly ceased but she continued 
to have single ventricular extrasystoles for six 
minutes. After her admission to hospital a 
repeat exercise test was performed. Again she 
developed frequent unifocal extrasystoles with 
a similar configuration before she mounted the 
treadmill. This time she exercised for 55 
seconds into stage III before sustained 
ventricular tachycardia developed (cycle 
length 380 ms). She was given intravenous 
lignocaine and after 20 seconds the rhythm 
reverted to sinus tachycardia. She was 
subsequently treated with sotalol but was 
intolerant of this. 


ELECTROPHYSIOLOGICAL STUDY 

Episodes of up to 20 beats of ventricular 
tachycardia occurred spontaneously during 
isoprenaline infusion and the duration of ven- 
tricular tachycardia was very sensitive to the 
dose of isoprenaline. Programmed electrical 
stimulation did not induce the ventricular 
tachycardia even when isoprenaline was 
infused. Pacemapping from the right ven- 
tricular outflow tract produced complexes that 
resembled the clinical tachycardia. 

Because the tachycardia was sensitive to 
isoprenaline, we prescribed further f) blockade 
with metoprolol. The episodes of dizziness 
resolved but she felt ill on this medication. She 
refused further pharmacological treatment and 
requested a curative procedure. After detailed 
discussion she gave her informed consent to 
catheter ablation; surgical ablation was planned 
if this failed. 

At repeat electrophysiological study we 
pacemapped from the right ventricular outflow 
tract using a Josephson quadripolar catheter 
with 5 mm spacing. We manipulated the cath- 
eter until we obtained the best pacemap (fig 2). 


A contoured ablation electrode* was placed at 
this site. We used a previously described 
protocol’ to deliver six shocks of 25 J to both 
the proximal and distal poles of the ablation 
catheter at this site with a NHH ablater' as the 
power source and a chest paddle over the left 
side of the sternum as the cathode. The 
arrhythmia that followed the delivery of the 
shocks was transient: ventricular tachycardia 
lasting five to 15 seconds followed the delivery 
of shocks three to six. It had a left bundle 
branch configuration but the frontal axis was 
different from that of the clinical ventricular 
tachycardia. This did not have any haemodyn- 
amic consequences. After three of the shocks 
there was transient atrial fibrillation with a 
controlled ventricular rate and no haemodyn- 
amic effects. No further ventricular extrasys- 
toles were seen during the remainder of the 
electrophysiological study despite further 
isoprenaline infusion. The patient was mon- 
itored on the coronary care unit but no further 
ventricular extrasystoles or arrhythmias 
occurred. The patient was discharged home on 
no medication. Creatine kinase measured at five 
minutes, and four, eight, 18, and 24 hours rose 
to a peak of 117 IU/I at eight hours, which is 
within the normal range for our laboratory. 


FOLLOW UP 

At review one and seven months after ablation 
the patient was well. She had no further 
dizziness, syncope, dyspnoea, or tiredness. 
Twenty four hour Holter monitoring two 
weeks and seven months after the ablation 
showed no ventricular extrasystoles or ven- 
tricular tachycardia. At a repeat exercise test a 
month after the ablation she exercised 10 
seconds into stage IV before being limited by 
fatigue in her legs. Her heart rate at peak 
exercise was 170 beats/minute and there were 
no ventricular extrasystoles or ventricular 
tachycardia. 


Low energy catheter ablation of right ventricular outflow tract tachycardia 


. Discussion 


The ventricular tachycardia in this patient was 
uncharacteristic of that seen with ischaemic 
heart disease. It was brought on by exercise, 
stress, and isoprenaline infusion and extrasys- 
toles were not recorded if the heart rate. was 
below 100 beats/minute. It was abolished by 
metoprolol. This is all consistent with the 
tachycardia being very sensitive to cate- 
cholamine concentration. It was not inducible 
at electrophysiological study, even when 
isoprenaline was infused. The failure to induce 
the tachycardia with programmed electrical 
stimulation suggests that it was caused by 
automaticity or triggered activity not reentry. 
The site of origin was localised by pace- 
mapping to the right ventricular outflow tract. 
This is consistent with other reports.!?9* We 


' used an ablation system designed to reduce the 


delivered energy and barotrauma.* We believe 
that many of the serious side effects seen with 
conventional ablation are caused by the high 
energies used and the accompanying large 
pressure disturbances. These side effects have 
limited the use of ablation and a recent report of 
the world registry concluded that the use of 
ablation in the ventricle remains experimental." 
Measurements of voltage and current during 
the delivery of these six shocks showed that 
impedance remained constant and indicated 


` that arcing had not taken place and therefore 


that no pressure disturbance had occurred.* We 
suggest that it is particularly important to avoid 


barotrauma in thin walled structures such as , 


the right ventricle and coronary sinus because 
of an increased risk of rupture. We believe that 
the use of this low energy ablation system will 


_ improve safety and reduce complications. The 


lack of rise in serum creatine kinase is also 
consistent with reduced myocardial damage. 
This is the first report of successful low 
energy catheter ablation of a catecholamine 
sensitive right ventricular outflow tract 
tachycardia. Reports of high energy catheter 
ablation in this condition are rare. Wilber et al 
described a patient in whom two conventional 
shocks of 200 J were delivered to a site in the 
outflow tract after an excellent pacemap but in 
whom ventricular tachycardia returned after 
several hours. This patient went on to have 


- successful surgical ablation. At surgery the site 


of earliest endocardial breakthrough was 2 cm 
lateral to the site of the catheter ablation. 
Hartzler described, in thé first report of catheter 
ablation for ventricular tachycardia, a patient 
with successful ablation of right ventricular 
outflow tract tachycardia; this followed unsuc- 
cessful surgical endocardial resection.? 
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In this patient we delivered six low energy 
shocks. Our previous animal work (unpub- 


` lished) showed that increasing numbers of low 


energy non-arcing shocks can produce lesions 
of similar size to those produced by shocks of 
much higher energies but without causing 
dangerous large pressure disturbances. Thus 
we believe that it is safer to deliver repeated 
non-arcing shocks than single much larger 
shocks. Unfortunately, failure to induce the 
tachycardia immediately after the ablation does 
not predict success in the next few hours or 
days because the cells essential to the tachycar- 
dia mechanism may be reversibly damaged and 
not necrotic. Thus at present there is no 
reliable end point at which ablation can be 
stopped. In this case ventricular tachycardia 
was not inducible; but after the first three 
shocks we saw single ventricular extrasystoles 
with the same configuration as the clinical 
ventricular tachycardia. Because we thought 
that insufficient damage had been produced we 
delivered three further shocks. After each of 
these we saw no further extrasystoles with the 
configuration of ventricular tachycardia. 

The report by Wilber et al® and our report 
are consistent with this syndrome being caused 
by a relatively localised abnormal area rather 
than a diffuse myocardial process. The localised 
nature of the substrate suggests that this syn- 
drome may be suitable for treatment by cath- 
eter ablation in patients intolerant of medica- 
tion. 


AJA was supported by a grant from the Chnical Research 
Committee, the National Heart and Chest Hospitals. 


1 Buxton AE, Waxman HL, Marchhnski FE, er al. Right 
ventricular tachycardia clinical and electrophysiological 
characteristics. Circulation 1983,68.917-27. 

2 Palileo EV, Ashley WW, S S, et al, Exercise pro- 
vocable right ventricular ou tract tachycardia. dm 
Heart J 19823104 185-93. 

3 Wu D, Kou H, Hung J. Exercise-triggered paroxysmal 
ventricular tachycardia: a repetitive rhythmic activity 
possibly related to afterdepolarisation Ann Intern Med 
1981;95:410-4. 

4 Ahsan AJ, Cunningham AD, Rowland E, Rickards AF. 
Catheter ablation without fulguranon Design and perfor- 
mance of a new system. PACE 1989,12:1557—61. 

5 As hin ote ce ri 
venous ablation of atrioventricular conduction with a low 

ower source. Br Heart J 1989,62:361—6. 

6 Wilber DJ, Blakeman BM, Pifarre R, et al. Catecholamine 
sensitive right ventncular outflow tract tachycardia: 
imi erative mapping and ablation of a free wall focus. 
PAC, CE 1989;12:1851-6. 

7 Evans GT, Scheinmann MM, pet DP, et al The per- 
cutaneous cardiac it. ablation registry: sum- 
mary of results. PACE 1988;11:1621-4. 

AD, Ahsan AJ, Rowland E, Rickards AF 
Impedance changes during catheter ablanon and their 
relanonship to electrical arcing and clinical efficacy. PACE 
1989;12:144—9. 

9 Hartzler GO. Electrode catheter ablation of refractory focal 
rei wd tachycardia. J Am Coll Cardiol 1983;2: 
1107-13. 





LETTERS TO 
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@ The British Heart Journal welcomes letters 
commenting on papers that it has published 
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@ All letters must be typed with double spacing 
and signed by all authors. 


@ No letter should be more than 600 words. 


@ In general, no letter should contain more 
than six references (also typed unth double 


spacing). 


Life at a price: the implantable de- 
fibrillator 


Sir,—Professor Campbell (Br Heart J 1990; 
64:171-3) outlined some of the dilemmas 
surrounding the use of the implantable car- 
dioverter-defibrillators (ICDs) and in par- 
ticular stressed the cost of the device and the 
lack of established guidelines for selection of 
patients. We would like to draw attention to 
some of the data already available to aid 
cardiologists in this difficult task. 

Cost-benefit analysis of ICDs has been 
attempted by two groups. Kupperman et al 
defined a group of patients with out-of- 
hospital cardiac arrest caused by haemo- 
dynamically unstable ventricular tachycardia 
or ventricular fibrillation occurring in the 
absence of acute myocardial infarction,’ all 
of whom subsequently had persistently in- 
ducible ventricular tachycardia or fibrillanon 
despite serial drug testing. She then collected 
data on the implantation and follow up costs 
of the ICD and compared them with the costs 
for drug treatment of the same group. The 
ICD cost $17 400 per life-year saved. This 
was based on the performance of the ICDs 
available in 1986; the development of 
programmability, a five-year ICD life, and 
transvenous insertion techniques were 
estimated to bring the annuzl cost down to 
$7400. There are many assumptions involved 
1n the calculanon of such figures but they are 
of similar order of magmitude to the costs of 
heart transplantation (826 900 per life-year) 
and the treatment of severe hypertension in 
men aged 40 years (§11 100 per life~year). 

Buxton et al performed a similar analysis 
using 1990 costs in the United Kingdom and 
produced a range of estimates from £6000 to 
£20 000 per life-year saved (the lower cost 
assumes a reduction in ICD price and the cost 
of implantation, an increase in ICD life and 
the cost-of amiodarone treatment, and a 
higher incidence of death in the untreated 
group). 

We believe that it would be sensible for the 
development of defibrillator use in Britein to 
be centred around the idenufication of those 
pauents most likely to benefit from 
defibrillator implantation and evaluated 
against the current best treatment for these 
groups. Concentration of  defibrillator 
implantation in a small number of centres 
would maximise the potential for systematic 
assessment. 


To lustrate the importance of patient 
selection we have used Buxton's cost 
estimates in several scenarios It should be 
stressed that there are potentially very large 
margins of error in these figures which are 
costed assuming an ICD life of two years and 
which take no account of any economic 
contribution made by the patient during this 
period. Their main purpose 1s to illustrate the 
*elative cost of using the ICD within different 
groups. Data from Wilber et al stranfying 
survival after out-of-hospital cardiac arrest? 
enable calculation of the cost of ICD use 
based on the inducibility of arrhythmia at 
electrophysiological study, suppression of the 
arrhythmia by drug treaunent, and left 
ventricular function (low EF = ejection 
fraction < 30%). This represents the non- 


prophylactic use of the ICD. 
Cost per 
Patient group hfe-year saved 


Inducible, suppressed, 


high EF Dubious benefit 
Non-inducible, high EF £110 000 
Inducible, suppressed, 

low EF £68 000 
Inducible, non-suppressed, 

high EF £24,000 
Non-inducible low EF £21 000 


Inducible, non-suppressed, 
low EF £16 000 
In the same way the prophylactic use of the 

implantable defibrillator in post-infarction 

patients can be costed. Survival data from 
the St George's Hospital post-infarction 
database produce the following figures: 

All post-infarction patients £442 000 

Patients with ejection 
fraction <40% 

Patients with posiuve late 
potennals, reduced heart 
rate variability, and more 
than 10 extrasystoles 
per hour 


£220 000 


£35 400 


In conclusion, we believe that with current 
data it is possible to identify patients likely to 
benefit most from implantation of an ICD. 
Most of these patients are not at present 
referred for assessment at specialist centres. 
We should encourage such referral and at the 
same ume strive to establish funding for a 
programme of assessment at several desig- 
nated implantation centres. Only in this way 
will reliable, sensitive, and rapid evaluation 
be achieved. 


Department of Cardilogical Sciences, 
St George's Hospital Medical School, 
Cranmer Terrace, London SW17 0RE 
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Electrical neurostimulators for pain 
relief in angina 


smr,—The editorial on electrical neuro- 
stimulators for relief of angina (Br Heart J 


Br Heart J 1991;65:234-6 


1990;63:141-2) was a timely recognition of 
the benefit of this form of treatment. The 
various forms of electrical neurostimulation, 
be it carotid sinus stimulanon, electro- 
acupuncture, transcutaneous electrical nerve 
stimulation. (TENS), or dorsal column 
stimulation, all seem to work via a combina- 
tion of analgesia and suppression of sympa- 
thetic activity. 

There is no evidence that any type is more 
efficacious than the other. There is, however, 
an enormous difference in cost and patient 
morbidity. The dorsal column stimulator 
device 1s expensive and insertion of the elec- 
trodes requires epidural implantation. 
Invasive procedures and insertion of devices 
are associated with pain and suffering. These 
devices can lead te centtnuing discomfort, 
and there is the risk of 1nfection and device 
malfunction, requiring operative inter- 
vention. The costs include the dorsal column 
stimulator unit (leads, connection, and pulse 
generator) at $A5570 (about £2300), two 
surgical procedures for implantation, testing, 
and wiring, and approximately three days as 
an inpatient. In addition, should problems 
occur, neurosurgical exploration may be - 
required. In comparison, a TENS unit costs 
between $A100 (£41) and $A300 (£125) 
depending on sophistication and portability, 
and 1s non-invasive. Furthermore, the cost of 
an acupuncture needle is §Al. 

The first patient treated with dorsal column 
stimulation as quoted in the editoria] un- 
fortunately did not have a trial of TENS or 
acupuncture before the procedure.’ These 
may have been equally effective. The panent 
also had subsequent readmissions to hospital 
for snmulator malfunction at 3:5 months, 15 
months, 24 months, and four years, and 
required exploration on two occasions. 

Recent work by Han suggests the optimal 
frequency of stimulation for pain relief is 
probably 15 Hz (personal communication). 
At this frequency there is sumulation of all 
three opiate receptors—mu, delta, and 
kappa—due to release of endorphins, meten- 
kephalins, and dynorphins.? A synergistic, 
not just an additive effect is seen when the 
three receptors are simultaneously 
stimulated." 


DAVID M COLQUHOUN 
First Floor, 

Wesley Medical Centre, 

40 Chasely Street, 


Auchenflower, 
Queensland 4066, 
Austraha 
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This letter was shown to the author, who replies 
as follows: 


Sig—Dr Colquhoun makes a good point. 
Transcutaneous electrical nerve stimulation 
(TENS) is an underrated but effective way of 
-helping angina pam in some patients. We 
always give our patents a trial of TENS 
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treaunent before considering epidural spinal 
cord stimulation. But it is clear that patients 
prefer the totally implantable system. TENS 
systems are bulky, cumbersome, and skin 
reactions are common. Dr Colquhoun's 
arguments are similar to those put forward 
when the external Lucas pacemaker system 
was used. That was also much cheaper but it 
was displaced by totally implantable 
pacemaker systems. There are problems with 
the present epidural electrodes which slip too 
frequently; but with further developments it 
should be possible to overcome these, and we 
are now trying new designs. . 

It is not our experience that all forms of 
electrical neurostimulation are equally effec- 
tive. Some patients respond better to TENS 
than epidural stimulation and vice versa. For 
this reason we now insert a temporary elec- 
trode that can remain in place for 2-3 weeks to 
assess effectiveness before we implant the 
permanent unit; this also ensures that an 
expensive unit is not implanted unneces- 
sarily. 

Finally, Y was interested: in ‘Dr Colqu- 
houn's comments about the optimal 
frequency of stimulation and the work by 
Han. We have tried stimulating at 15 Hz and 
it seems to be effective but some patients 
describe it as a rather unpleasant sensation 
compared with higher frequency stimulation. 
But this subject is in its infancy (in the West) 
and there 1s much to explore about mechan- 
isms and the best techniques. 


usgrove 
Taunton TA! SDA 


Limited potential of special ambulance 
services in the management of. cardiac 
arrest 


Sm,—We gre “with Dr Rowley and 
colleagues that there has not been sufficient 
critical analysis of the effectiveness of 
ambulance personnel with advanced training 
(Br Heart J 1990;64:300-12). However, we 
wish to make the following. observations 
about their findings and raise important ques- 
tions about the development of the emer- 
gency ambulance service. 

Concentration.on those patients with pre- 
hospital cardiac arrest brought to the accident 
and emergency department ` excludes an 
unknown number of resuscitation attempts 
terminated by attending doctors. It may be 
that crews with defibrillator training spend 
more time at the scene of an arrest, increasing 
the likelihood that a general practitioner will 
arrive, certify that the patient is dead, and. 
release the ambulance. The basic emergency 
crew will “scoop-and-run’’, leaving less 
scope for GP involvement. This may explain 
why larger numbers of patients were trans- 
ported to hospital by the crews with a more 
basic training. What were the total number of 
resuscitation attempts made by each type of 


. crew, regardless of later hospital transfer? 


In our area ambulances only transport 
victims of cardiac arrest to hospital if resus- 
citation is in progress. When resuscitation is 
inappropriate a. doctor is called to certify. 
death and the patient is left at the scene or 
taken to the mortuary. We. were surprised 
therefore that 64 of 147 patients were taken to 
hospital by defibrillator trained crews without 
any attempt at resuscitation. These patients 
had not been pronounced dead by a medical 


practitioner. What criteria did the ambulance 
personnel use to witbhold resuscitation from 
these individuals? 

While the conclusion that the addition of 
other skills (drug administration and intuba- 
tion) might save “a few extra lives" is 
probably correct, we are concerned that this 
study together with the results of the Scottish 
experience of semiautomatic defibrillators’ 
may stop full extended training in ambulance 
aid being given to paramedics, 

We have already shown the effectiveness of 
personnel with extended training in the man- 
agement of hypoglycaemic coma.’ There is 
recent evidence that patients with acute 
myocardial infarction complicated by 
hypotension and bradycardia have a better. 
outcome when transported to hospital by a 
paramedic vehicle rather than an ordinary 
ambulance.? Personnel with extended train- 


-ing also treat patients with acute asthma,‘ 


hypovolaemic shock, and respiratory arrest, 
and in the future may administer throm- 
bolytic agents. 

We are sure that the provision of a 
defibrillator on every emergency ambulance is 
an essential short term aim for improving the 
prehospital management of cardiac arrest. 
We are equally certain that the provision of a 
paramedic on every vehicle, coupled with a 
strict clinical audit, is the essential long term 
approach to improving all aspects of pre- 


hospital emergency care. 
CLIVE WESTON 
MICHAEL E S 
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Practical Echocardiography in the 
Adult. J P M Hamer. (Pp 229; £79.50.) 


Dordrecht, The Netherlands: Kluwer 
Academic Publishers, 1990. ISBN 
0792306708 


There are many large detailed reference texts 
for those experienced in echocardiography 
and Doppler. However, there is a dearth of 
books, like this one, giving practical advice 
and tips to those staring and learning the 
technique. 

The book is approximately 200 pages long 
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and liberally illustrated with high quality 
diagrams and echocardiographic/Doppler 
images. Unfortunately, many of the images 
and Doppler recordings have been 
reproduced in a rather small format and this 
does not do them justice. Dr Hamer has 
attempted to cover every aspect of adult 
echocardiography and with each cardiac 
structure he has described what features the 
echocardiographer should examine and what 
measurements to make. This 1s indeed good 
practical advice and to my knowledge is not 
presented in this form elsewhere. 

In discussing each abnormality Dr Hamer 
has very sensibly integrated the role of all the 
echocardiography and Doppler techniques 
including transoesophageal —echocardio- 
graphy. There is also a small but excellent 
chapter on reporting echocardiograms which 
I believe would be of particular value to non- 
clinicians. 

There is undoubtedly a need for practical 
books on echocardiography and I am sure 
that this volume will prove popular. 
However, while the range of topics covered 1s 
very comprehensive this has unfortunately 
caused a lack of detail and omission of many 
practical pointers which those new to the 
technique would have undoubtedly found 
useful. 

MARK J MONAGHAN 
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The office move was completed uneventfully, 
and we now have more space. At present the 
society occupies three rooms at the top of 
numbers 1 and 2 St Andrew’s Place, and we 
hope to have the fourth room shortly We can 
now accommodate committee meetings, and 
once we have a large enough table (we hope 
second hand) full council meetings should 
also be possible in our own premises. Please 
note that our address is Number 1. We have 
given up one telephone number but now two 
lines are available on 071-486 6430. 

The Glasgow meeting 1s approaching. We 
have made one more break with tradition in 
that we are liaising with our public relations 
consultants to encourage the presence of the 
media. Our constitution states that the press 
will not be admitted to scientific sessions, and 
this will be upheld. But we plan to offer 
briefing sessions where we will be prepared to 
discuss items of interest that are expected to 
be presented that day, and to comment on 
items that may have been presented on the 
previous day. This will of course be con- 
ditional on agreement with the authors. We 
hope that the senior author or a nominee will 
agree to be present if we know that a par- 
ticular paper is likely to attract interest. The 
health and medical correspondents of the 
London daily newspapers may not wish to 
travel to Glasgow. If necessary we may be 
able to arrange a meeting 1n London before- 
hand with an embargo on any premature 
publication. Particular care must be taken not 
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to encourage or indeed permit detailed 
publication in the lay press of scientific data 
that should first appear in medical journals. 
We believe that there may be enough interest 
in general discussion of topics that are of 
legitimate public interest. This 1s being tried 
88 an experiment, and experience will show 
whether or not there is good reason to repeat 
1t. Another initiative we plan with the media 
will involve occasional lunch time meetings 
with one or two correspondents. Their prin- 
cipal purpose is to establish contact which 
will aid liaison 1n the future rather than to 
seck publicity over current issues. 

We consulted the Royal College of 
Physicians over the title for the new post of 
specialist career advisor. The suggestion of 
Postgraduate Dean might, it was felt, cause 
confusion with Regional Postgraduate Deans. 
We have therefore accepted advice that 
Howard Swanton should be known as Post- 
graduate Cardiology Advisor. We hope that 
members of the society or indeed others 
seeking a future in cardiology will consider 
consulting him if they need specialist 1nfor- 
mation that can supplement the help they will 
receive from Regional Postgraduate Deans: 
we do not seek to duplicate a service that is 
already available and of proven value. 

Members of the society should now be 
aware of the need to register completion of 
specialist training in cardiology with the 
General Medical Council, although the entry 
will show only T(M) for general medicine. 
Many currently in consultant posts did not 
have the opportunity to become accredited 
because the scheme did not exist during their 
training years. For an interim period all who 
have been appointed to a consultant post with 
the agreement ofa representative of one of the 
medical Royal Colleges can obtain registra- 
tion. This clause should embrace all who hold 
National Health Service contracts at consul- 
tant level. Those wishing to take advantage of 
the "grandfather clause" (the name was 
invented by one more considerably disungui- 
shed than ourselves) should write to the 
registrar of the college and should receive in 
return a copy of a formal letter to the General 
Medical Council. We suggest you take this 
action without delay. 

A meeting was held at the Royal College of 


Physicians in February for National Health 
Service managers entitled ‘New Approaches 
in Cardiology”. The programme was ar- 
ranged by Michael Petch. The topic of heart 
transplants led to a hvely discussion, 
especially on cost implications. Other presen- 
tations dealt with thrombolysis, angioplasty, 
electrical treatments, training, and academic 
cardiology This was a useful meeting. We do 
not do as much as we should to give our 
administrators the background mformation 
they need. The increase in the cost of 
pacemakers (modest we hope) that will almost 
certainly occur because of the closer financial 
ties with Europe from 1992 was news to 
many. A show of hands indicated that few had 
been warned of this by their local cardi- 
ologists. That seemed a good indication of a 
failure of communication that 1s worth pon- 
dering. Perhaps some cardiologists are not 
aware that harmonisation (which is the 
appropriate jargon word) will bring some 
financial penalties? 

Two health authorities have been told by 
the National Health Service Executive that 
they may not readvertise senior registrar 
posts when they fall vacant. Three posts are 
mvolved. This has been brought to our 
attention only in the last week or so, though 
one letter was received 1n December. There 
was a clear implication that these particular 
changes, needed in order to meet 1mposed 
quotas, were agreed at a JPAC review in 
consultation with the specialty. 'T'his is not so. 
The Royal College of Physicians, the Special- 
ist Advisory Committee, and the British 
Cardiac Society were all unaware of the acuon 
that had been taken. Our numbers are 
approximately correct by the formula of the 
Joint Planning Advisory Committee, but may 
not take account of the arbitrary 20% ''top 
Slice" removed from our allocation for the 
research pool (which is not specialty specific). 
We have disputed the need and the logic of 
this curious system that may underlie these 
recent cuts. We believe that any action to 
cancel a senior registrar post should be the 
subject of negotiation with the specialty, and 
we hope that the National Health Service 
Management Executive wil have second 
thoughts about the wisdom of actions taken 
without appropriate consultation. 'Achiev- 
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ing a Balance" can be made to work effectively 
only if a spirit of cooperation 1s maintained. 
We have striven to play our part. If any 
readers know of further actions of this type we 
would like to know without delay. 


DOUGLAS CHAMBERLAIN 
Prendent, British Cardiac Soasty 
PAUL OLDERSHAW 
Secretary, British Cardiac Society, 
1 St Andrew’s Place, 

London NW1 4LB 
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'The Annual Meeting of the British Cardiac 
Society will take place at the Scottish 
Exhibition Centre, Glasgow on 30 April to 3 
May. The closing date for receipt of abstracts 
was 10 December 1990. 


XVIII Argentine Congress of Cardiology 
will be held ın Buenos Aires on 18 to 21 
September: Sociedad Argentina de Car- 
diologia, Azcuénaga 980, 1115 Buenos Aires, 
Argentina (Fax: +54-1-961 6020; Tel: 
+54-1-961-6027/29). 


12th international symposium on Computer 
Assisted Decision Support and 
Database Management in Anaesthesia, 
Intensive Care and Cardiopulmonary 
Medicine will be held in Rotterdam on 2 to 4 
October: Dr Omar Prakash, Thorax Anaes- 
thesia, Thorax Centre, Erasmus University, 
3000 DR Rotterdam, The Netherlands (Fax. 
31-10-463 5240; Tel: 31-10-463 5230). 


199] Pfizer international research symposium 
on Epidemiology of Peripheral Vascular 
Disease will be held in Edinburgh on 
31 October and 1 November: Clare Perry, 
Edinburgh Post-Graduate Board for 
Medicine, Pfizer Foundation, 11 Hill Square, 
Edinburgh EH8 9DN (Tel. 031 650 2610). 


ue— 
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Is cardiac rehabilitation necessary? 


Eight to 38% of patients do not return to work after 
myocardial infarction though many of them seem 
physically capable of resuming employment.’ The cost of 
myocardial infarction is high and is mainly the result of 
vocational disability. In the 1970s and 1980s many studies 
were designed to test the premise that rehabilitation after 
infarction improves the patient’s psychological state and 
exercise capacity and reduces mortality. Cardiac rehabilita- 
tion is defined as a process by which patients with cardiac 
disease are restored to their optimal physical, medical, 
psychological, social, emotional, vocational, and economic 
status. 


Exercise capacity 

Exercise capacity after myocardial infarction is impaired by 
the reduced response of cardiac output to exercise and the 
deconditioning effect of bed rest and physical inactivity. 
Some randomised and controlled studies have examined 
whether rehabilitation improves physical work capacity 
more than would be expected to occur spontaneously.” 
The contradictory results probably relate to differences in 
exercise training programmes, the role of non-exercise 
treatment such as counselling, time of enrolment after 
infarction, and differences in the patient populations 
studied. Overall analysis of available data suggests that 
supervised physical exercise can be expected to increase a 
patient's maximal exercise capacity after infarction by an 
average of 15-25% over that which would occur sponta- 
neously.® 

Many, predominantly sedentary patients, without com- 
plications whose recreational and occupational activities 
are of low intensity resume their former activities without 
participating in a formal cardiac rehabilitation progamme. 
It is unclear, however, which patients are most likely to 
benefit. Hammond et al reported that the best predictor of 
improvement in exercise performance at one year was alow 
initial exercise capacity." But their results did not accord 
with those of Van Dixhoorn et al —perhaps because in the 
latter study" exercise capacity was not expressed as a 
percentage that predicted for age. A small improvement in 
exercise capacity might enable people with a poor exercise 
capacity after myocardial infarction to return to a reason- 
able level of activity. Cardiac rehabilitation may also benefit 
those with an initially good exercise capacity, though the 
improvement will be of less clinical importance. 

The study by Goble et al reported in the March issue of 
the British Heart Journal showed that the physical benefits 
of aerobic exercise training can be as easily achieved with 
light exercise as with heavy exercise.!! The mechanism of 
the improvement in exercise capacity after cardiac re- 


habilitation is not clear. There is no totally objective 
method of assessing exercise capacity and hence increased 
patient motivation may result in an apparent improvement 
in physical state. Goble et al’s study found that only 41% of 
patients who enrolled in the light exercise programme 
attended more than three quarters of their classes. Is the 
*improvement" in exercise capacity with both exercise 
regimes related to the type of exercise protocol or to 
reassurance of the patient by close, regular contact with a 
paramedical worker or doctor? 

Most cardiac rehabilitation programmes have not 
evaluated the effects on patients with cardiac failure. 
Contrary to previously held belief, patients with severe left 
ventricular dysfunction who participated in an organised 
rehabilitation programme improved their exercise 
capacity. ? But those who have suffered a large anterior 
myocardial infarction (who might eventually develop overt 
heart failure) may deteriorate if enrolled in a rehabilitation 
programme soon after infarction." 


Psychosocial function 

As expected, the results of the studies of the effects of 
cardiac rehabilitation and psychosocial function have been 
inconsistent. Psychosocial data are difficult to quantify. 
Reports in uncontrolled studies frequently describe a 
substantial improvement in psychological wellbeing 
related to cardiac exercise programmes. Data from the few 
randomised control studies suggest less impressive effects of 
exercise on psychological wellbeing and question whether 
the improvement documented relates to close review of the 
patient rather than participation in a formal exercise 
programme. 

Nosignificant improvement was reported in occupational 
state in well designed assessments of cardiac rehabilitation. 
The conclusion of an extensive review on the subject was 
that special programmes of cardiac education, teaching, or 
psychological support and counselling over and above 
usual supportive care should not be recommended as 
routine measures after myocardial infarction.® This is not 
to say, however, that selected patients might not require 
special teaching and counselling in addition to routine care 
because of psychological distress or a lack of knowledge. 


Mortality 

Once again, difficulties in study design have precluded 
definitive conclusions on mortality. Unfortunately, most 
studies have predominantly focused interventional effort on 
low risk patients. Consequently, because of a type II 
statistical error, studies of small groups of patients might 
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“erroneously” conclude that rehabilitation fails to reduce 
mortality. Only one of the major randomised trials of 
exercise in cardiac rehabilitation after infarction reported a 
significant reduction in cardiac mortality.” There were 
slightly more than 700 in the largest study.? 

This issue was reviewed by meta-analyses three times in 
the 1980s. May et al reviewed various interventions after 
myocardial infarction and reported a significant 19% 
decrease in cardiovascular mortality with an exercise 
programme.” Oldridge et al and O'Connor et al combined 
the randomised exercise trials of the 1970s and 1980s 
(including over 2000 patients).”” Significantly lower 
pooled odds ratios—0-75 and 0-78 respectively—were 
reported. However, pooling of data in these studies might 
be inappropriate. There were differences in patient popula- 
tions, mortality, and exercise programmes between studies. 
Given the presumed pathogenetic mechanisms involved in 
altering the atherosclerotic process it is unlikely that 
relatively short term programmes of exercise, for example 
less than four or five years, would substantially alter 
mortality and morbidity in patients with coronary artery 
disease. Perhaps a longer habitual increase in physical 
activity after infarction could reduce morbidity and mor- 
tality, as has been shown in certain long term studies of 
healthy people or in men originally at high risk from 
coronary disease as predicted by high concentrations of 
cholesterol, high blood pressure, or cigarette smoking. 
Such an assertion, however, currently cannot be supported 
by the existing data and must remain hypothetical. 


Risk factor modification 

When Kallio et al used a multifactorial intervention they 
found substantial changes in risk factors in their special 
intervention group.” Other studies (not multifactorial but 
typically exercise only) showed less impressive or no 
changes in risk factors. On the basis of these studies an 
exercise programme alone seems unlikely to produce better 
risk factor outcomes when applied to unselected patients 
after myocardial infarction. 


Conclusions 

The analysis of the effects of cardiac rehabilitation is 
hampered by the heterogeneity of the patients studied. 
Formal exercise programmes are probably not justified for 
all patients. Certain patient subgroups may benefit, for 
example those with a low exercise capacity or chronic 
exercise limitation caused by severely depressed left ven- 
tricular function. The major beneficial effect of rehabili- 
tation programmes may be associated with the reassurance 
provided by close contact with paramedical staff. Further 
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trials are required to evaluate which components of the 
rehabilitation programme benefit the individual patient. 


DPLIPKIN 
Department of Cardiology, 
The Royal Free Hospital, 
Pond Street, 
Hampstead, London NW3 2QG 
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Twenty four hour heart rate variability: effects of 
posture, sleep, and time of day in healthy controls 
and comparison with bedside tests of autonomic 
function in diabetic patients 


D J Ewing, J M M Neilson, C M Shapiro, J A Stewart, W Reid 


Abstract 
Heart rate variability was measured in 
7] healthy controls and 343 diabetic 
patients by a count of the number of 
beat-to-beat differences greater than 
50 ms in the RR interval during a 24 hour 
ambulatory electrocardiogram. In the 
healthy controls the lower 95% tolerance 
limits for total 24 hour RR interval 
counts were approximately 2000 at age 
25, 1000 at 45, and 500 at 65 years. Six 
controls confined to bed after injury had 
normal 24 hour patterns of RR counts, 
while eight other controls showed loss of 
diurnal variation in both heart rate and 
RR counts during a period of sleep 
deprivation. RR counts in ten controls on 
and off night duty increased during sleep 
whenever it occurred. Nearly half (146) 
the 343 diabetic patients had abnormal 
24 hour RR counts. The percentage of 
abnormal RR counts increased with 
increasing autonomic abnormality 
assessed by a standard battery of tests of 
cardiovascular autonomic function. A 
quarter of those with normal cardiovas- 
cular reflex tests had abnormal 24 hour 
RR counts. There were close correlations 
between 24 hour RR count results and 
the individual heart rate tests (r = 0-6). 
The assessment of cardiac para- 
sympathetic activity by 24 hour RR 
counts was reliable. The diurnal varia- 
tions in RR counts seen in the controls 
were probably related to sleep rather 
than either posture or time of day. The 
method was more sensitive than conven- 
tional tests of cardiovascular reflexes. 


Measurements of heart rate variability are 


variation as a clinical test of autonomic func- 
tion both at rest? and during a short period of 
deep breathing? was only developed in the 
1970s. More recently still, heart rate variation 
has been measured over longer periods by 24 
hour electrocardiographic tape recordings.’ As 
a diagnostic clinical test, the maximum — 
minimum heart rate during deep breathing 
has proved most popular??? but for research 
purposes other methods of analysis, including 
the use of standard deviation?” and spectral 
analysis, ? have also been used. 

Though these approaches are valid they also 
have drawbacks. For example, the “deep 
breathing" method has relatively poor 
reproducibility, is dependent on the subject’s 
cooperation, and only gives information about 
the brief period during which the heart rate is 
actually measured. Scrutiny of longer heart 
rate recordings often shows considerable dis- 
crepancies in the amount of heart rate 
variability present at different times of the day 
and night (fig 1). Spectral analysis is based on 
assumptions about the control of heart rate 
which depend on particular and consistent 
input stimuli and on the assumption that its 
rhythms can be broken down into discrete 
components, each representing specific and 
different autonomic activity. Spectral tech- 
niques are also unable to cope with recordings 
containing frequent ventricular arrhythmias. 
Standard deviation methods do not distin- 
guish clearly between parasympathetic and 
sympathetic components. 

Because of the limitations of these methods, 
we have developed an alternative approach. 
We noted that there were a large number of 
beat-to-beat changes in heart rate that 
occurred frequently but irregularly in healthy 
controls and that they were distinct from the 
smaller cyclical changes of respiratory sinus 


PL rabie eges, of increasingly being used as markers of cardiac arrhythmia. We devised a method to measure 
Physics s and Medical autonomic activity. In diabetes and other these larger changes by counting the number 


clinical disorders affecting the autonomic 
nervous system their use is now well estab- 


of times successive RR intervals differed by 
more than 50 ms during a 24 hour tape 


PAL MC NEon lished.’ The variability in heart rate may bean recording (referred to subsequently as “RR 
C M Shapiro independent prognostic marker after myocar- counts”). This was first described in 1984 
J A Stewart dial infarction,? and an imbalance of normal when we showed that RR counts reflected the 
W Reid cardiac autonomic control mechanisms, with integrity of cardiac parasympathetic path- 
bebo ok reduced heart rate variation, has been ways.’ 

of Medicine, Royal i proposed to explain sudden infant death syn- The aim of our present study was to deter- 
Infirmary, rug drome.’ Diurnal variation in the pulse rate mine what factors affect heart rate variability— 


was noted in a medical journal as long ago as 
1815,* but the use of short term heart rate 


in particular the role of posture, sleep, and 
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Figure 1 Four short RR interval recordings (3 minutes each) taken from the same 
diabetic patient at different times of the day and night, showing considerable differences m 
RR variation. 


larger experience of 24 hour electrocardiogra- 
phic tape analysis and defined the age related 
normal values for the RR ceunts. We also 
sought to establish how the results of 24 hour 
electrocardiographic tape recordings relate to 
conventional tests of cardiovascular auto- 
nomic function in a large group of diabetic 
patients. 


Patients and methods 

CONTROLS 

Twenty four hour electrocardiograms were 
recorded from 57 men (aged 18—65 years) and 
20 women (aged 18-57 years). All were 
ambulant and going about their normal daily 
routines. None had any known disease or was 
taking regular medications (normal group). 
Tapes were also recorded from six young men 
(18-27 years) who were confined to bed with 
leg and pelvic fractures. The tapes were recor- 
ded several days after operation when the men 
were fully conscious (orthopaedic group). 
Eight other healthy young men (aged 19-29 
years) took part in a sleep deprivation study, 
during which heart rate was monitored on to 
tape for 24 hours before, for two successive 24 
hour periods during 48 hours continuous 
sleep deprivation, and then on two successive 
24 hour recovery periods of normal sleep 
(sleep deprived group). The results from the 
two 24 hour tapes measured during sleep 
deprivation were averaged as were those from 
the 48 hours recovery period. Ten night nur- 
ses (three men and seven women, aged 26-47 
years) had 24 hour tape recordings made dur- 
ing and after their night duty shifts (night 
shift group). Four recordings were made on 
each individual: at the beginning and end of 
seven days of night duty and at the beginning 
and end of their seven day recovery period off 
duty. The 24 hour RR counts in men in the 
normal group and the “posture” results in the 
orthopaedic group have been described briefly 
before" but are included here in greater 
detail. 
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DIABETIC PATIENTS 

Three hundred and twelve diabetic patients 
(200 men and 112 women, aged 17-66 years) 
had 24 hour recordings as part of their assess- 
ment for autonomic involvement (diabetic 
group). Twenty four hour tape recordings and 
a standard battery of cardiovascular reflex tests 
were performed within 24 hours of each other 
in all these patients. A further 31 diabetic 
patients had an incomplete battery of cardio- 
vascular tests. Their results are included in 
the correlations between the 24 hour tape 
results and individual tests. 

The subjects in the various studies all 
agreed to 24 hour ambulatory electro- 
cardiographic monitoring and the technique 
had the approval of the local hospital ethics 
advisory committee. 


METHODS 

Electrocardiographic recordings 

'Three chest electrodes were used to record 
electrocardiogram signals on to a cassette tape 
with an ambulatory electrocardiographic 
monitoring system (Medilog, Oxford Instru- 
ments or Tracker, Reynólds Medical) An 
adjacent tape track was used to record a simul- 
taneous time frequency reference signal. The 
recordings were continued for 24 hours, while 
the subjects went about their routine daily 
activities, with the tape recorder carried on a 
belt worn around the waist. They noted meal 
times, unusual events, and the times of going to 
bed and getting up in a diary. 


Analysis of RR interval variation 

The 24 hour tapes were later replayed through 
a Pathfinder (Reynolds Medical) high speed 
arrhythmia analyser at 120 times the original 
recording speed. The replay speed was con- 
trolled to within 0-5% by means of the time 
reference track recorded on each tape. 

The trigger section of the analyser detected 
individual QRS waves in the electrocardiogram 
signal and distinguished them from P and T 
waves and from muscle noise and artefact by 
means of a continuously adaptive threshold 
derived from the noise components by 
independent filtering. The accuracy with which 
QRS waves can be detected depends on the 
quality of the recorded electrocardiogram; with 
tapes of routine quality there were only about 
12 false positive and false negative errors of 
detection in 24 hours.'* Excessive noise, such as 
would cause QRS waves to be missed, 
automatically inhibited analysis until the noise 
subsided, whereupon analysis was resumed. 
The Pathfinder detects any QRS waves with a 
shapethat differs significantly from the subject's 
“normal” -QRS complex; a continuously 
updated example of this normal! complex is held 
in the analyser memory for comparison. Such 
abnormal complexes are indicated as ven- 
tricular extrasystoles.” The signal is closely 
monitored throughout the analysis by the 
operator to exclude tapes with atrial fibrillation 
and other non-sinus rhythms, and appreciable 
numbers of supraventricular extrasystoles. 

For each electrocardiographic complex in 
the recording the Pathfinder generates an ex- 


Twenty four hour heart'rate variability > 


Figure 2. Indroidual total 
24 hour RR counts in 57 

. healthy men and 20 
healthy women. The 

` broken lines are the age ` 
related 95% normal 

tolerance limits, derived. 
from the counts £n the 57 
men. 


_ ternal pulse to signify a beat, and another if that 


QRS complex is of normal (sinus) configura- 
tion. These pulses are passed to a microcom- 
puter which times the arrival of each beat and 
calculates the length of each RR interval and 
the difference between each successive beat. If 
this increases by more than' 50 ms between 


„ successive beats a positive count is added to the 


total being accumulated. Likewise, if the 


. change shows a decrease of more than 50 ms the 


total negative count is increased. Because we 
found no significant differences between 
‘positive and negative counts’ the results 
reported here.are positive counts. 

The program also continuously maintained 
time thresholds corresponding to 63% and 
175% of the prevailing normal RR interval. 
Beats with intervals outside these limits 
together with all those indicated by the Path- 
finder as being “‘not normal" in shape were 
rejected and the interval calculations were 
restarted- from the next normal QRS. The 
intervals thus excluded and all periods during 
which the analyser was inhibited were 
accumulated and used to calculate the percen- 
tage of the time actually analysed. Using this 
technique we can now analyse tapes with large 
numbers of ventricular extrasystoles.’ For 
each tape the program gave an output of total 24 
hour RR counts, mean hourly wake and mean 
hourly sleep RR counts, and mean wake and 
mean sleep heart rate. Where the tape record- 
ing is incomplete the results are normalised to 
the equivalent of 24 hours. Recordings shorter 
_ than 18, hours or with less than 40% of beats 
analysed were rejected. 


Cardiovascular autonomic function tests 

We used a standard battery of cardiovascular 
autonomic function tests to assess all diabetic, 
patients: the heart rate responses to. the 


Valsalva manoeuvre, standing up, and deep: 


breathing; and the-blood pressure responses to 


' standing up and sustained handgrip. We have' 


described these tests and the grading of severity : 
in detail elsewhere? In brief, autonomic 
involvement was categorised as normal (all 
tests normal), early (one heart rate test abnor- 


. mal), definite (two or more heart rate tests . 


abnormal) severe (abnormal heart. rate tests 
plus one or both blood pressure tests abnor- 


mal) or atypical (any other combination of ' 


abnormalities). Autonomic scores were derived 


by giving each test a score of 0 for normal, 1 for 
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borderline, and 2 for an abnormal result. This 
gave a total score of between 0 (normal) and 10 
(most severe). 


STATISTICAL ANALYSIS 

Conventional statistical methods were applied 
to the results as appropriate; we used regression 
calculations and paired r tests. Where the data 
were not normally distributed calculations 
were performed on the log transformed data. 
Results are accordingly presented as mean 
(SD) or geometric mean and range. 


Results 

CONTROLS 

There were significant inverse correlations 
between age and total 24 hour (r = —0-55), 
mean hourly wake (r = —0-54), and mean 
hourly sleep (r = —0-51) RR counts in the 57 
male controls. Figure 2 shows the individual 
total 24 hour RR counts in these men and in 20 
female controls. Because there were no sig- 
nificant differences between the results of the 
men and women and because the age distribu- 
tion of the women was skewed (most were « 30 
years old), the lower 95% tolerance limits for 
the RR counts were calculated from the results 
for the 57 men. The normal lower 9594 
tolerance limits for total 24 hour RR counts are 
2000 at age 25, 1000 at age 45, and 500 at age 65 
years. Table 1 shows the equivalent values for 
mean hourly wake and sleep RR counts. 


ORTHOPAEDIC GROUP 
All six young men confined to bed after injury 
had total 24 hour RR counts well within the 


normal range for their age (fig 3). T'he counts 


rose appropriately at night during sleep in five 
subjects (geometric mean of hourly wake 
counts 235 (84—792) and hourly sleep counts 
484 (249—716)). All wake and sleep values were 
in the normal range. Mean heart rate fell from 
77 (T) beats/min awake to 61 (6) beats/min 
asleep. 


SLEEP DEPRIVED GROUP 

Table 2 shows the group mean RR counts and 
heart rate during normal sleep and during sleep 
deprivation. There were no significant differ- 
ences in results between the normal 24 hour 
period before and the 48 hour period after sleep 
deprivation. Mean RR counts rose as expected 


, during normal sleep from 452 to 614 (+ 36%, 


p = 0-034), but not at night during sleep 


. deprivation (460 to 471) (+2%, NS). Heart 
_ rate fell substantially during normal sleep, but 


during sleep deprivation day and night values 
remained similar. There were, therefore, con- 
siderable differences between the night time 


: Table1 Approximate normal lower 95% tolerance 


limits for total 24 hour, mean hourly wake, and mean 
hourly sleep RR counts related to age 


Total 24 hour Mean hourly Mean hourly 
Age (yr) ^ counts wake counts sleep counts 
25 2000 60 90 
45 1000 30 45 
65 500 15 20 
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Figure 3. Group mean hourly RR counts and hourly heart rate tn six young men 
confined to bed. 


counts (p = 0-059) and heart rates (p < 0-001) 
during the normal and the sleep deprived 
periods. 


NIGHT SHIFT GROUP 

During the first and last night shift periods, 
which were separated by six days, the wake/ 
sleep pattern was similar, with an average of 
seven hours sleep on each occasion, taken 
between about 9.00 am and 5.00 pm. On 
coming off night duty, the subjects usually slept 
during the day until about 5.00 pm, then got 
up, and went back to bed again around 12.00 
midnight until 7.00 or 8.00 am the following 
morning. 'T'his meant that during the first day 
they had an average of 13 hours’ sleep. Six days 
later, the last day shift, the sleep pattern had 
reverted to normal, but in preparation for their 
next night duty shift, the subjects slept 
longer—an average of 10 hours from midnight 
to 10.00 am. 

The hourly RR counts during these four 24 
hour periods reflect the wake and sleep patterns 
(fig 4) in that during the two night shift periods 
the average RR counts were highest during the 
day when the subjects were asleep (geometric 
mean of hourly counts: wake 123 (13-585) and 
140 (35-462); sleep 188 (47-1167) and 234 (32- 
835)). The last day shift period, just before the 
subjects restarted night duty, shows a normal 
day/night pattern of RR counts (wake 174 (29— 
541); sleep 331 (96-1021)). The first day shift 
period, however, shows a somewhat different 
pattern, with two periods of higher and two 
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periods of lower counts, corresponding to the 
two periods of sleep and waking. This was 
coupled with higher and lower mean heart rates 
(geometric mean of hourly counts—wake first 
period 144 (34—673), wake second period 154 
(46—640); sleep first period 255 (74—857), sleep 
second period 344 (82-940) and mean heart 
rates (beats/min)—wake 78 (10) and 78 (8); 
sleep 66 (8) and 62 (5) sleep). Because the 
counts were higher during sleep, the mean total 
24 hour RR counts were greatest during the day 
shift periods when the subjects slept more (first 
night shift 3583 (582-18119), last night shift 
4168 (811—13514), first day shift 6425 (2182- 
17644), last day shift 5905 (1922-16191)). 


DIABETIC GROUP 

Forty seven per cent (146 subjects) had total 24 
hour RR count results that were less than the 
lower 95% tolerance limit for healthy controls 
related to age. T'able 3 shows the proportion of 
normal and abnormal results related both to the 
autonomic category and to the autonomic score 
(based on results from a standardised battery of 
cardiovascular reflex tests done within 24 hours 
of the 24 hour tape recording). With increasing 
autonomic abnormality there was a higher 
percentage of abnormal 24 hour tape results; so 
that almost all with autonomic dysfunction in 
the “definite” and “severe” categories had 
abnormal total 24 hour counts. The fact that 
the 24 hour tape method is more sensitive than 
conventional autonomic function tests is shown 
by the 24% who had abnormal 24 hour counts 
despite normal cardiovascular reflexes. Table 3 
also shows the group mean values for the 24 
hour count results related to autonomic 
category and score. Counts were lower as the 
autonomic damage increased. 

Table 4 shows the correlation coefficients 
between the 24 hour total counts, wake and 
sleep counts, and the individual cardiovascular 
autonomic function tests. In every case the 
relations were highly significant statistically, 
with the closest correlation between the counts 
and the heart rate tests. There were also 
extremely close correlations between the log 
total 24 hour counts and the log wake counts 
(r = 0.969) and the log sleep counts 
(r = 0 957) in this group of diabetic patients. 


Discussion 
Since we first reported our technique of 
assessing cardiac parasympathetic activity by 


Table 2. Group mean RR counts and heart rates in eight healthy men aged 19-29 years who were deprived of sleep for 














48 hours 
RR counts (geometric mean and range) Heart rate (arithmetic mean (SD) ) (beats| min) 
Mean hourly Mean hourly 
Total 24 h counts wake Wake Sleep 
p = 0034—— 
Normal sleep 12333 452 614 79 (8) 57 (8) 
gnificance NS CM NS ny i 0 05b NS « 0001 
Si S p= P 
Day Night Day Night 
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Figure 4 Group mean hourly RR counts 1n ten healthy sndwiduals (three men and 
seven women) during and after night duty. 


analysing 24 hour electrocardiograms,’ we have 
gained considerably more experience in both 
healthy individuals and patients. The method 
has also been refined so that we can now exclude 
large numbers of ventricular extrasystoles 
without losing the essential data on heart rate 
variability.” This contrasts with the inability of 
spectral analysis methods to handle ventricular 
extrasystoles. Additionally, analysis can be 


. done at 120 times real speed so that a full 24 


hour tape recording can be read through in 
twelve minutes by the dedicated microcom- 
puter system we have developed. 

Inasmaller study we showed that RR counts 
decrease with age in healthy individuals. We 
have expanded our normal results and in the 
present study we show the 95% tolerance limits 
not only for the total 24 hour RR counts but 
also for the mean hourly wake and mean hourly 
sleep counts. There was an extremely close 
correlation between these three measures in the 
results from the diabetic patients, which means 
that each index can be used to assess variability. 
We previously reported our data on 
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repeatability in healthy individuals, diabetic 
patients, and patients with cardiac disorders,’ '? 
showing that this RR counts method can be 
used reliably for treatment and outcome trials. 

There is normally a characteristic rise in RR 
counts at night and we wondered what factors 
might be responsible for this. We found a 
normal RR counts pattern in a group of fit but 
immobile young men. This suggests that being 
confined to bed is not a factor influencing the 
numbers of abnormal RR counts recorded. 

To establish whether the variations in RR 
counts were part of a built-in diurnal clock we 
measured RR counts in another group of fit 
young men undergoing prolonged periods of 
sleep deprivation as part of a different study. 
Though total 24 hour RR counts were similar, 
the wake/sleep difference in counts during the 
period of “‘normal sleep" disappeared during 
the 48 hours of sleep deprivation. Similarly, in 
a group of nurses the daytime counts were 
higher while the nurses were on night shift and 
sleeping during the day. There 1s, therefore, no 
built-in diurnal clock to regulate the RR 
counts. i 

The third candidate for modifying RR 
counts is that of sleep itself, rather than either 
posture or time of day. The results from both 
the sleep deprivation and the night duty studies 
support this mechanism: both periods of sleep 
taken by the night duty staff on the same day 
increased the RR counts. Thus the increase in 
RR counts seen in most individuals occurs 
during sleep and seems to be due to sleep itself. 
This would fit in with current concepts of the 
relative activity of the autonomic nervous sys- 
tem whereby both sympathetic and parasym- 
pathetic components are active during the day, 
whereas at night during periods of non-rapid 
eye movement sleep there is predominantly 
parasympathetic activity. This is also reflected 
in the changes in heart rate which reciprocate 
the changes in RR counts in most individuals. 
We have not specifically related sleep stages to 
RR counts but during rapid eye movement 
sleep there are well documented changes in 
autonomic activity" which may be associated 
with increased RR counts. 

Do RR counts merely reflect the overall heart 
rate? We argued in detail that this is not so’ ^ in 
view of the dissociation between heart rate and 
heart rate variability in our earlier studies.'? 
There is a complex interrelation between beat- 


Table 3 Number of diabetic patients with abnormal 24 hour RR counts according to autonomic category and score, 


and group mean values for RR counts 


Number nath 24 hour RR counts 


Group mean 24 hour RR counts (geometric mean) 
Number with Mean hourly Mean hourly 
Total abnormal counts ( 96 ) Total 24 hour toake sleep 
All 312 146 (47) 
By autonomic category 
Normal 147 35 (24) 2845 84 170 
Early 52 25 (48) 866 27 42 
Definite 32 27 (84) 154 6 7 
Severe 60 51 (85) 114 4 4 
Atypical 21 8(38) 1489 48 69 
By autonomic score * 
0-2 175 42 (24) 2756 82 162 
3-5 67 43 (64) 422 14 19 
6-10 70 61 (87) 112 4 4 
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Table 4 Correlation coefficients between individual cardiovascular autonomic funcnon tests and total 24 hour RR 


counts and mean hourly wake and sleep RR counts 








Valsalva 30.15 
RR counts ratio - ratio 
Log total 24 hour 0 627 0 557 

(a = 321) (n = 342) 
Log mean hourly wake 0 636 0 567 

(n = 318) (n = 340) 
Log mean hourly sleep 0 610 0 539 


(n = 318) (n = 340) 





Max — mm BP drop BP rise Autonomic 
heart rate on standing with grip score 
0-625 —0 439 0314 —0-683 
(n = 285) (n — 316) (n = 312) 
0 637 —0 433 0 297 —0 679 

= 286) (n = 313) - (m= 311) (n = 309) 

—0 444 0 323 —0 692 
= 286) (n = 313) (n = 311) (n = 309) 





to-beat differences and prevailing average heart 
rate, but itis by no means a simple matter of the 
overall heart rate determining the amount of 
beat-to-beat heart rate variation, however 
measured. 

Though we showed the clear relation be- 
tween autonomic damage and RR counts in our 
original article’ and briefly in a small group of 
diabetic patients? we have not hitherto repor- 
ted in detail on the relation between conven- 
tional non-invasive tests. of cardiovascular 
autonomic function and 24 hour RR counts in 
large numbers of.diabetic patients. Our results 
clearly show not only the very close correla- 
tions achieved between individual cardiovas- 
cular tests (particularly the heart rate tests) and 
RR counts, but also the differing proportions of 
normal and abnormal results with increasing 
severity of autonomic damage. About 85% of 
those in whom definite or severe damage was 
detected by cardiovascular testing had abnor- 
mal RR counts. Because 24% of diabetic 
patients with apparently normal cardiovascular 
reflexes had abnormal RR counts we believe 
that the RR counts method is more sensitive 
than conventional tests of cardiovascular 
reflexes. 

What are the clinical applications of this 
method? It is reliable and sensitive and gives an 
objective measure of cardiac parasympathetic 
activity.” Simple bedside tests of autonomic 
function in diabetes are widely available to 


.diagnose autonomic neuropathy,'® but our 


method of analysing 24 hour electrocardio- 
graphic tape recordings reveals earlier abnor- 
malities of cardiac parasympathetic function. 
There has recently been increasing interest in 
the effect of autonomic influences on prognosis 
after myocardial infarction. With our method it 
should be possible to see whether low heart rate 
variability is indeed an adverse prognostic 
indicator. One such study has already been 
published,’ and further studies are currently in 
progress by our own group and others. Con- 
ventional bedside tests are also inappropriate in 
the sudden infant death syndrome, where there 
has been evidence that reduced heart rate 
variation may be a factor. ? Objective assess- 
ment of other conditions such as chronic renal 
failure, liver disease, and congestive cardiac 
failure may also be possible with this method of 
24 hour electrocardiographic tape recording. 
Other work in progress suggests that 
measurement of RR counts may also be of 
relevance in assessing the effect of drugs on the 
cardiovascular system. 5?! 
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Oxygen free radicals and congestive heart failure 


J J F Belch, A B Bridges, N Scott, M Chopra 


Abstract 

Plasma lipid peroxides (malondialde- 
hyde) and thiols were measured in 45 
patients with congestive heart failure 
and 45 controls. Malondialdehyde con- 
centrations were significantly higher in 
the patients with congestive heart failure 
(median 9-0 nmol/ml interquartile range 
(IQR) 7:9-10:2) than in the controls 
(median 7:7 nmol/ml (IQR 6-9-9-2)). 
Plasma thiols were significantly lower in 
congestive heart failure (median 420 
mol/l! (IQR 379-480)) than in the con- 
trols (median 463 umol/1 (IQR 445-525)). 
There was a significant but weak negative 
correlation between malondialdehyde 
and left ventricular ejection fraction 
(r = — 0:35) and a positive correlation 
between plasma thiols and left ven- 
tricular ejection fraction (r = 0-39). 

This study provides clinical support 
for experimental data indicating that 
free radicals may be important in heart 
failure. It also suggests that the degree of 
free radical production may be linked to 
the severity of the disease. 


In congestive heart failure the heart is unable 
to provide sufficient blood for tissue metabolic 
needs. Congestive heart failure affects about 
1% of the population’ and carries a poor 
prognosis with an annual mortality of between 
35% and 58%.? The pathophysiology of this 
disorder is undoubtedly multifactorial but the 
cellular mechanisms at the molecular level 
have not been fully elucidated. 

Oxygen free radicals have been implicated 
in cardiac ischaemic injury.** These free 
radicals (superoxide anions and hydroxyl 
radicals) are produced in the body by reduc- 
tion of oxygen. In normal circumstances they 
are removed by the different scavenger systems 
present in blood and tissue. We believe that 
free radicals are involved in the genesis of 
heart failure. In congestive heart failure 
myocardial contractility is impaired by loss of 
muscle or by pressure or volume overload.’ 
This pressure and volume overload causes 
myocardial ischaemia which can generate free 
radicals.?* Support for this hypothesis comes 
from work in animal models of heart failure 
where doxorubicin toxicity may result from 
myocardial injury induced by oxidative 
damage.5 Furthermore, it has been shown that 
polymorphonuclear leucocytes from dogs with 
congestive heart failure produce increased 
amounts of free radicals.” In humans conges- 
tive heart failure is associated with an increase 


in production of prostaglandins. The forma- 
tion of prostaglandins 1s associated with the 
production of oxygen derived free radicals 
through the arachidonic acid pathway." 
Furthermore, circulating catecholamine pro- 
duction increases in the failing heart and their 
auto-oxidation generates free radicals.’ There 
is therefore some evidence to suggest an 
involvement of free radicals in congestive 
heart failure. 

We measured the products of free radical 
reactions in patients with congestive heart 
failure. The inherent reactivity of radical 
species with organic biomolecules precludes 
their direct measurement in biological sys- 
tems. Their presence has to be inferred from 
their known effects, such as the induction of 
protein fluorescence and oxidation of polyun- 
saturated fatty acids. Two such systems, the 
measurement of lipid peroxides by the 
thiobarbituric acid test and the measure of 
plasma thiols,'' have been carried out here and 
correlated with the left ventricular ejection 
fraction—a measure of the severity of conges- 
tive heart failure. 


Patients and methods 

We studied 45 patents aged under 75 with 
congestive heart failure diagnosed by a team 
of hospital physicians. Most patients were 
thought to have atherosclerosis as the 
underlying cause of their congestive heart 
failure. All patients gave informed consent for 
the study and the study was approved by the 
hospital ethics committee. Patients with other 
disorders or receiving medication known to 
affect free radical activity were excluded from 
the study. No adjustment was made to the 
patient's medication, which was taken as usual 
on the day of the study. Results obtained were 
compared with 45 age, sex, and smoking mat- 
ched controls. 

The left ventricular ejection fraction was 
measured in the patients with congestive heart 
failure as follows: the patient's red cells were 
labelled in vivo by an injection of stannous 
pyrophosphate. Twenty munutes later, an 
injection of 740 MBq of technetium-99m per- 
technetate was given. Data were acquired in 
the anterior and optimised left anterior 
oblique views with an Ohio Nuclear Series 
100 gamma camera linked to a Nodecrest V70 
computer. Sixteen 64 x 64 images were 
obtained during each cardiac cycle by an elec- 
trocardiographic gating technique. The left 
ventricular ejection fraction was calculated 
from the left anterior oblique view; the angle 
of this was carefully chosen to maximise the 
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Table Comparability of groups 





Controls CHF 
Number 45 45 
Age (years) median 58 62 
range (27-68) (40-74) 
Sex M.F 29 16 37.8 


CHF, congestive heart failure 


separation of the right and left ventricles. A 
degree of caudal tilt was used to increase the 
separation of the left atrium from the left 
ventricle. 

Immediately before the left ventricular 
ejection fraction was measured venous blood 
samples were collected in a standard manner 
into a lithium heparin anticoagulant (10 units/ 
ml) tube. The samples were immediately 
processed and assayed for plasma malondial- 
dehyde-like material. Plasma lipid peroxide 
concentrations were estimated by Aust's spec- 
trophotometric assay." Absorbance was con- 
verted to concentration by an extinction coef- 
ficient of 1-50 x 10° mol! cnr'. The amount 
of malondialdehyde-like material is a measure 
of lipid peroxidation and its measure provides 
an estimate of free radical activity. Plasma 
thiol is an index of the oxidative status of 
the extracellular environment. Plasma thiol 
was estimated by the method described by 
Ellman." 


Results 

The table shows the comparability of the 
patients with congestive heart failure and the 
controls. There was no difference between the 
two groups (x? test). 

Figure 1 shows the concentration (median 
(IQR)) of malondialdehyde-like material in 
both the control population and in patients 
with congestive heart failure (7:7 (6-9-9-2) v 9 


(7-9-10 2) nmol/ml). The patients with conges- . 


tive heart failure had significantly higher con- 
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Figure 2 Plasma concentrations of malondialdehyde- 
like material ( MDA-LM ) and left ventricular (LV) 
gection fraction in patients with congestive heart failure. 


centrations of malondialdehyde-like material 
(p « 0-01, Mann-Whitney). 

Figure 2 shows the left ventricular ejection 
fraction of the 45 patients plotted against the 
concentration of malondialdehyde-like material. 
There was a statistically significant inverse 
correlation between the two (r = — 0:35, 
p < 0-05, Spearman rank). The higher the 
concentration of the malondialdehyde-like 
material the worse the left ventricular ejection 
fraction. 

Figure 3 shows the concentration of plasma 
thiol (median (IQR)) in both the controls and 
patients with congestive heart failure 
(463 umol/1 (445—525) v 420 (379-480)). The 
patients with congestive heart disease had sig- 
nificantly lower concentrations of plasma thiol 
(p < 0:01, Mann-Whitney). 

Figure 4 shows the relation between left 
ventricular ejection fraction and plasma thiol 
concentration. Again there was a statistically 
significant correlation, this time positive 
(r = 0.39, p < 0:01, Spearman rank); ‘as 
plasma thiol fell the left ventricular ejection 
fraction became worse. 


Discussion 
We found that there was an increase in lipid 
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Figure 3 Plasma thiols in patients with congestive heart 
failure ( CHF) and in controls 
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peroxides in the blood of patients with conges- 
tive heart failure. Moreover, there was a sig- 
nificant negative correlation with left ven- 
tricular ejection fraction, which is one of the 
best predictors of survival in congestive heart 
failure. Free radicals are unstable reactive 
chemical species produced during the course of 
normal metabolism that contain an unpaired 
electron. The half life of free radicals is 
measured in microseconds because they 
rapidly react with  unoxidised adjacent 
molecules. They probably directly initiate tis- 
sue damage in several diseases where they are 
produced in excess.” The reactivity of free 
radicals precludes their direct measurement in 
humans except by the most complex tech- 
niques. Their presence can be inferred, 
however, by their known effects, such as oxida- 
tion of polyunsaturated fatty acids. This is 
detected by the thiobarbituric acid test which 
detects the aldehyde products of peroxidised 
lipid and carbohydrates." Recent advances in 
assay methods suggest that high performance 
liquid chromatography is a more sensitive and 
specific assay for malondialdehyde-like 
material; however, this project was already 
under way before the high performance liquid 
chromatographic assay was validated in our 
laboratory. Nevertheless, we have no reason to 
believe that artefactual results have been 
produced and the abnormal concentrations of 
malondialdehyde-like material accord with the 
plasma thiol results. We found that freezing 
and storing the samples produced very variable 
results. By assaying the samples immediately 
after venesection we believe we reduced the 
variability seen with the spectrophotometric 
assay. The plasma thiol estimation measured 
albumin thiol which decreased in the presence 
of free radical activity owing to oxidation of the 
sulphydryl group to disulphides."? The 
results of these tests support a theory that free 
radicals are involved in congestive heart failure. 


We suggest therefore that oxygen free. 


radicals are involved in the genesis and main- 
tenance of congestive heart failure and there is 
theoretical support for this in published 
reports. Impairment of myocardial contrac- 
tility or pressure or volume overload will all 
cause myocardial ischaemia, which in turn 
induces an increase in xanthine oxidase and 
xanthine and a decrease in the scavenging 
activity of superoxide dismutase and glutath- 
ione peroxidase.’ Both these changes will lead 
to an increase in the generation of free radicals. 
'The decrease in cellular pH during ischaemia 


247 


will lead to formation of prostaglandins and 
leukotrienes. During their synthesis free 
radicals will be produced.’ Leukotriene B, will 
further activate the polymorphonuclear 
leucocytes and increase secretion of neutrophil 
free radicals.? The compensatory mechanism 
of an increase in catecholamines in congestive 
heart failure also increases free radicals.? Free 
radicals themselves depress Ca?^* binding and 
uptake into sarcoplasmic reticulum”; this 
would lead to a decrease in cardiac contrac- 
tility. Thus it is likely that free radicals actively 
promote the progression of congestive heart 
failure. Most of our patients had athero- 
sclerosis underlying their congestive beart 
failure and the above mechanisms will con- 
tribute to the abnormalities detected. It would 
be of interest to study patients with congestive 
heart failure secondary to conditions such as a 
cardiomyopathy to see whether free radical 
products are also increased. 

The development of treatments to reduce or 
prevent radical induced tissue injury may 
therefore be useful in congestive heart failure. 
There are two major classes of antioxidant: 
preventative antioxidants (for example, 
catalase, glutathione peroxidase, caeruloplas- 
min) and chain-breaking (radical-trapping) 
antioxidants (for example, vitamin E, vitamin 
C, reduced glutathione). Certain compounds 
can be classified as both preventative and chain- 
breaking antioxidants because they have both 
functions (for example, superoxide dismutase, 
B carotene). The angiotensin converting 
enzyme inhibitor, captopril, a well established 
drug used in the treatment of congestive heart 
failure, contains a sulphydryl group. Because 
one of the effects of sulphydryl-containing 
compounds is to scavenge free radicals, cap- 
topril may be a free radical scavenger. We have 
confirmed this both in vitro” and in humans.” 

We showed that patients with congestive 
heart failure have evidence of increased free 
radical activity that correlates with the left 
ventricular ejection fraction, a measure of heart 
function linked to prognosis. It 1s likely that 
congestive heart failure causes myocardial 
ischaemia with free radical production. Free 
radicals cause myocyte dysfunction, exacerbat- 
ing the impaired cardiac function and a vicious 
cycle is set in motion with the net result that 
cardiac function steadily deteriorates. Some 
drugs used in the treatment of congestive heart 
failure may be effective scavengers and such 
treatments should be further investigated. 


We thank Dr Norman Kennedy, Department of Nuclear 
Medicine, Ninewells Hospital for his help with the left ven- 
tricular ejection fraction measurements and Dr G McNeill 
and Dr T Pringle for allowing us to study their patients 

This study was supported by a giant to J JFB from the British 
Heart Foundation and the assays were carried out on equipment 

urchased by a grant to JJFB from the Dundee University 
Research Inivatives Fund. 
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Neuroendocrine activity in untreated heart failure 


Jouko Remes, Ilkka Tikkanen, Frej Fyhrquist, Kalevi Pyorala 


Abstract 

Neuroendocrine activity was studied in 
60 consecutive untreated patients with 
dyspnoea and a clinical suspicion of 
heart failure. On the basis of the so- 
called Boston clinical criteria the diag- 
nosis of heart failure was regarded as 
unlikely in 26 patients, possible in 15 
patients, and definite in 19 patients. 
These groups were studied before any 
drug treatment was started and were 
compared with a control group of 69 
healthy individuals. Plasma atrial 
natriuretic peptide concentration was 
clearly raised in patients with definite 
heart failure and slightly raised in 
patients with possible heart failure. 
Plasma adrenaline concentration was 
somewhat raised in patients with definite 
or possible heart failure, whereas 
plasma noradrenaline concentration was 
raised only in patients with definite 
heart failure. Plasma renin activity was 
not increased in any of the patient 
groups and plasma aldosterone concen- 
tration was slightly increased only in 
patients with definite heart failure. In 
the total patient series there were sig- 
nificant correlations between plasma 
atrial natriuretic peptide concentration 
and markers of the severity of left ven- 
tricular dysfunction. 

There was some evidence of neuroen- 
docrine activation in untreated heart 
failure: plasma concentrations of atrial 
natriuretic peptide and catecholamines 
were increased but the renin-angiotensin- 
aldosterone system showed little or no 
activation. 


The basic disturbance in heart failure is a 
defect in left ventricular pump function which 
results in inadequate blood flow to peripheral 
tissues. In advanced congestive heart failure, 
complex neuroendocrine mechanisms are 
activated in an attempt to compensate for the 
decreased cardiac output. These responses 
include release of atrial natriuretic peptide 
from cardiac myocytes, activation of the 
sympathetic nervous system,** and activation 
of the renin-angiotensin-aldosterone system.** 

Most studies of the hormonal changes in 
heart failure have included patients treated 
with diuretics; there is little information on 
the activation of the neuroendocrine system in 
untreated heart failure? especially on con- 
centrations of atrial natriuretic peptide. We 


studied neuroendocrine activation in patients 
in whom the diagnosis of heart failure was 
suspected for the first time and in whom 
treatment for the condition had not been star- 
ted. We used the Boston diagnostic criteria" 
to confirm the clinical diagnosis of heart 
failure. 


Patients and methods 

PATIENTS 

We studied 88 patients (37 men and 51 
women) with a clinical suspicion of previously 
unrecognised heart failure and 82 controls (36 
men and 46 women), all aged 45-74 years. 
Patients were identified by 32 primary health 
care physicians working in community health 
centres in a defined area in eastern Finland. 
These physicians had agreed to refer to the 
university clinic all patients who had presen- 
ted with symptoms or signs suggestive of 
heart failure and in whom this condition had 
not been previously diagnosed. Patients with 
acute pulmonary oedema complicating 
myocardial infarction were not included. 
Those 24 patients who had severe symptoms 
were referred immediately and studied on the 
day of referral, whereas the remaining 64 
patients with milder symptoms were 
examined within two weeks of their visit to 
the primary health care centre. A detailed 
description of the patient series has been 
published elsewhere." 

Twenty eight patients were excluded from 
hormone analyses: 21 because of current treat- 
ment with digitalis, diuretics, angiotensin 
converting enzyme inhibitors, or sympatho- 
mimetic drugs; three because of severe 
respiratory failure caused by pulmonary dis- 
ease or kyphoscoliosis, and four because of 
other diseases with indications for immediate 
treatment such as acute bronchitis, acute 
fibrosing alveolitis, diabetic ketoacidosis, or 
pulmonary embolism. Thus 60 patients (23 
men and 37 women) comprised the final 
patient population. All of them had dyspnoea 
or fatigue or both. Seven patients had atrial 
fibrillation and 53 were in sinus rhythm. 

We identified 300 candidates for the control 
group by a random population sample of 45— 
74 year old inhabitants in the survey area. A 
mailed questionnaire was used to exclude per- 
sons with previously diagnosed heart failure, 
coronary heart disease, hypertension, arrhyth- 
mias, or other disabling conditions. Eighty 
eight persons were this selected from the 
initial sample, but.19 Of thém were excluded 
after the study aS The reasons’ ‘for exclusion 
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were bronchial asthma, coronary heart disease 
(15 cases), gastric carcinoma, hypertrophic 
cardiomyopathy, and Parkinson's disease. 
Thus the control group comprises 69 persons 
without any symptomatic cardiac or pulmon- 
ary disease or other obvious disease. 

All examinations at the Kuopio University 
Central Hospital were performed before drug 
treatment for heart failure was started. The 
study was carried out from 1 June 1986 to 3 
May 1988 and the patient and control series 
were examined in parallel over the study 
period. The study protocol was approved by 
the ethics committee of the University of 
Kuopio. Informed consent was obtained from 
each patient and control. 


Methods 

Clinical examination 

One of us (TR) carried out the clinical examin- 
ation and interpretation of conventional chest 
radiographs on all study subjects. The 
examination included a questionnaire on the 
patient's history of previous diseases and use 
of drugs. At the physical examination special 
attention was paid to signs of heart failure, 
such as the third heart sound, rales or wheez- 
ing on lung auscultation, raised jugular ven- 
ous pressure, liver enlargement, or leg 
oedema. Weight and height were measured in 
light indoor clothing and body mass index was 
calculated as weight in kilograms per height in 
metres squared. A patient was considered to 
be non-obese if body mass index was « 27 kg/ 
m? and obese if body mass index was >27 kgj 
m°. Blood pressure was measured in recum- 
bent individuals with a sphygmomanometer 
after five minutes of supine rest and the 
average of two measurements at an interval of 
two minutes was used. Heart rate was 
obtained from the resting electrocardiogram 
and relative heart volume was estimated from 
the chest x ray according to the method of 
Jonsell.” 


Diagnostic classification 

Information from clinical and radiographic 
examinations was used in the diagnostic 
classification of patients by a modification of 
the so-called Boston diagnostic criteria for 
heart failure.” * In this scoring system points 
were given in three categories: for features in 
the history, for physical signs, and for radiogra- 
phic signs suggestive of the presence of heart 
failure. Points were given in the first category 
for symptoms of dyspnoea and fatigue; in the 
second category for tachycardia, raised jugular 
venous pressure, lung rales or wheezing, and 
third heart sound; and in the third category for 
abnormal filling pattern of pulmonary veins, 
enlarged heart silhouette, pleural effusion, and 
evidence of interstitial or alveolar pulmonary 
oedema. A maximum of four points was all- 
owed in each of the three categories, so a 
maximum score of 12 points was possible. 


* Group 1 consisted of patients with a score of 0- 


4 points, defined as “unlikely to have heart 
failure". Patients with a score of 5—7 points 
were defined as having “‘possible heart failure" 
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(group 2). Patients with a score of 8-12 points 
were defined as having “‘definite heart failure" 
(group 3). 

A patient was considered to have coronary 
heart disease when one of the following criteria 
was fulfilled: (a) the patient had a history of 
myocardial infarction; (b) the patient had 
angina pectoris by the Rose questionnaire,' or 
(c) ischaemic changes were seen in the resting 
electrocardiogram (Minnesota codes 1-1-1:3, 
4:1-4-3, 5-1-5-3, or 7-1 (Whitehall criteria)), 
including Q-QS abnormalities, S'T segment 
depressions, T wave changes, or left bundle 
branch block." A patient was considered to 
have hypertension if the systolic blood pressure 
was 2160 mm Hg or the diastolic blood 
pressure was >95 mm Hg during supine rest or 
if the patient had been receiving drug treatment 
for hypertension. 


Echocardwgraphy 

M mode echocardiography was performed 
with a sector electronic scanning type 
ultrasound diagnostic system (Toshiba (Sono- 
layer Model SSH-40A, Japan) and a 2-4 MHz 
transducer (Toshiba  PSA-24B, Japan). 
Subjects were examined in the left lateral 
decubitus position. Cross sectional scans were 
used to position the M mode recordings just 
below the edge of the anterior mitral leaflet. M 
mode echocardiograms were recorded on 
photosensitive paper at a paper speed of 100 
mm/s. Measurements were made from the 
paper recordings according to the recommen- 
dations of the American Society of Echocar- 
diography" with a x-y digitiser (resolution 0-1 
mm) interfaced to a computer." Five con- 
secutive or near consecutive cardiac cycles were 
measured and the means of the values were 
recorded. Echocardiographic measurements 
were carried out on all study subjects by the 
same investigator (JR). The following variables 
were recorded: diameter of the left atrium, left 
ventricular end diastolic diameter, and left 
ventricular end systolic diameter. Fractional 
shortening and peak rate of increase in left 
ventricular diameter during diastole (used as an 
index of left ventricular relaxation) were cal- 
culated by the computer. 


Exercise testing 

A bicycle ergometer exercise test with non- 
invasive gas exchange analysis was carried out 
on those patients who did not have dyspnoea at 
rest. The exercise test was performed by 
patients sitting on an electrically braked bicycle 
ergometer. The workload was continuously 
increased by 15 W every minute until the 
patient became exhausted. The rate of oxygen 
consumption was determined by analysing the 
expired gas breath by breath during exercise. A 
Medical Graphics Corporation CAD/Net sys- 
tem 2001 analyser was used in the analysis.” 
The average rate of oxygen consumption dur- 
ing the last 20 seconds of exercise was taken as 
peak oxygen consumption. 


Hormone assays 
Blood samples for homone analyses were taken 
in the early morning hours after an overnight 
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fast. A Teflon cannula (Venflon 18 G/1-2 mm, 
Sweden) was positioned in a large antebrachial 
vein, and patients rested in the supine position 
for at least 30 minutes. Blood was then drawn 
into prechilled EDTA tubes placed on ice. 
Plasma was separated at 4°C within 20 minutes, 
frozen immediately, and stored at —70°C until 
assay. ' 
Radioimmunoassay techniques were used to 
measure plasma atrial natriuretic peptide con- 
centration and renin activity as previously 
described.!?' Plasma aldosterone was measured 
by a commercial radioimmunoassay kit 
(Abbott Laboratories, Chicago, Illinois). 
Plasma concentrations of adrenaline and 
noradrenaline were assessed by high perfor- 
mance liquid chromatography with electro- 
chemical detection.” The investigators in 
charge of hormone assessments (IT and FF) 


were not aware of.the clinical condition of the . 


individuals studied. 


Statistical analysis 

Results are expressed as means (SEM) and 
medians. SPSS programmes (Statistical Pack- 
age for the Social Sciences, Chicago, USA) 
were used for statistical analyses. One way 
analysis of variance was used to detect overall 
differences between group means of normally 
distributed variables. If p value was «0-05 in 
one way analysis of variance, Student's t test for 
unpaired data was used in further comparisons. 
Hormone values showed a skewed distribution, 
and therefore the non-parametric Mann-Whit- 
ney test was used to compare hormone values. 
Frequency differences were tested by the 7° 


251 


test. p Values of <005 were regarded as 
significant. Correlation analyses were carried 
out by standard linear regression techniques 
available in the SPSS programmes; correla- 
tions were considered significant at p < 001. 


Results 

CLINICAL CHARACTERISTICS 

Most patients were in New York Heart 
Association functional class I-III, and thus 
symptoms suggestive of heart failure were in 
general mild or moderate (table 1). However, 
10 patients (53%) in group 3 belonged to 
functional class IV. Twenty six patients (six 
men and 20 women) were classified “‘unlikely to 
have heart failure" (group 1). This shows that 
primary health care diagnosis of heart failure 
was more often incorrect in women than in men 
(p < 0:01). '* Obesity was common in all patient 
groups. There were signs of volume overload 
such as leg oedema, liver enlargement, or 
increased jugular venous pressure in four 
patients (15%) in group 1, six (40%) in group 
2, and 13 (68%) in group 3. 

. Most patients had evidence of either coron- 
ary heart disease or hypertension and some 
were taking drugs for angina pectoris. Accord- 
ing to the criteria used in this study, some of the 
control subjects also had hypertension as jud- 
ged by a single blood pressure measurement. 
Coronary heart disease was more common in 
group 2 than in group 1. Hypertension was 
significantly more common in group 3 than in 
the control group or group 1, whereas no 
significant differences in frequencies of hyper- 


Table 1 Some chnical characteristics, cardiac diseases, and use of cardiac drugs in control and patient groups 





Controls 
(n = 69) 
Characteristics 
Sex (male/female) 29/40 
Age 61 (à 
Heart rate (beats/min) 65 (1 
Systolic blood pressure (mm Hg) 150 (3) 
Diastolic blood pressure (mm Hg) 84 (1) 
Weight (kg) 72 (2) 
Body mass index (kg/m?) 262 (05) 
Relative heart volume (ml/m?) 430 (10) 
NYHA class (n) (?6) 
I 
In 
lil 
IV 
Cardiovascular disorders (n) (*A) 
Coronary heart disease 
Hypertension 34 (42) 
Valvar heart disease 
Cardiac drugs (n) (%) 
B Blocker 
Calcium antagonist 
Long acting nitrate 


Group 1 Group 2 Group 3 
(n = 26) (n = 15) (n = 19) 
6/20 4/11 13/6! 

59 (1) 63 2% 61 (2) 
e (2 80 (6X 91 (40$ 
148 (9 156 (8) 154 (6) 
88 ü 86 (3* 90 (2)t 
75 (1) 70 (2 78 (5 
295 (08) 282 (16) 277 (12) 
420 (20) 550 (40011 670 (30)t§ 

6 (23) 

15 (58) 7(4T) 3 (15) 

4(15) 7 (47) 6 (32) 

1 (4) 1 (6) 10 (53) 
15 (58) 9 (60) 16$ (80) 
11 (42) 9 (60) 14*$ (70) 

2(13) 2 (10) 
45) 2 (13) 6 (30) 
I 2(10 
3 (12) 20855 4 9) 





Except where indicated data ‘are given as mean (+SEM): NYHA class, New York Heart Association functional class 
Hypertension was defined as a single casual blood pressure measurement > 160/95 mm Hg *p < 005, fp < 001, 1p < 0001, 
any patient group v control group, §p < 0 05, lip < 001, fp < 0 001, group 2 or 3 v group 1 (Student's t test or g? test). 


Table 2 Important biochenmncal variables (mean (SEM) ) in control and patient groups 


Controls Group 1 Group 2 Group 3 

(n = 69) (n — 26) {n = 15) (n = 19) p Value 
Blood hematocrit 39 (0 0) 0 40 (0 01) 041(001) 0 40 (0 01) 0:012 
Serum ACE (umol/min/l) 139 (05) 147 (09) 133 (10) 130 (1D 0 524 
Serum albumin (g/l), iu 44 (o) 44 (1 .45 (D 40 (Df 0 001 
Serum creatinme (mol/l 8 (1) , 79 : o 83 (3) 107 (7)t <0 001 
Serum potassium (mmol/l) 43 (00) 42 (01) ' 43 (01) 44 (01) 0 241 
Serum sodium (mmol/l) 145 (0) 145 (1) 145 (D 143. ()* 0 027 


ACE, angiotensin converting enzyme. p Value by one way analysis of variance: *p < 0 05 and tp < 001 any patient group v 
control group; ip < 0 05, $p < 0 01, group 3 v group 1 (Student's ¢ test) 
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Figure 1 Plasma concentranons of atrial natriuretic peptide (ANP) tn patients and 
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Table 3 Echocardtographic variables and peak rate of oxygen consumption in the control group and patient groups 
(mean (SEM) ) 


Variable Control n Groupi n Group2 n Group3 n p Value 
Fractional shortening (%) 3440) 6 33 (1) 25 28 D 13 21 m J 17 «0 001 
Left atrial diameter (mm) 33 (1) 63 35 in 23 36 (D* 103 41 (Dif 17 «0001 
LV end diastolic diameter (mm) 50 (1) 63 '49 (1 2 54 (DMI 13 59 (21$ 17 «0 001 
LV end systolic diameter (mm) 33 () 68 233 (1 2B 39 (Qf 13 45 (211 17 «0001 
Peak rate of increase in LV diameter (cm/s) 122(02) 60 10 8 (0 el 21 100(10)* 13 8 0 (0 8X4 16 «0 001 
Peak Vo, (mi/kg/min) 260(07) 69  207(08) 23 16-9 (2-0)? 13 149 (2-00 7 «0001 


LV, left ventricular. Vo, rate of oxygen consumption. p Value by one way analysis of varisnoe: *p < 005, fp < 0-01, 
tp < 0001, groups 1-3 v control group, §p < 005, lip < 001, fp < 0 001, group 2 or 3 v group 1 (Student's ¢ test). 


Table 4 Comparison of plasma hormone values in control group and patient groups (mean (SEM) and medians (1n 
parentheses) ) 








Control n Group 1 n Group 2 n Group 3 n 
ANP (pg/ml) 51 (4) 69 56 (6) 26 130 (36)t§ 15 267 (42)} 19 
i (50) (52) 4 (254) 
Adrenaline (nmol/}) 030(003) 66 033(004 25 051(010)* 14 041(005)* 17 
(0 24) 0 28 (0 41) 0 43 
Noradrenaline (nmol/l) 204(010) 66 212(017) 25 245(029) 14 2 63 (0 28)* 17 
(1 90) 1 86) (2 21 (2 52) 
Aldosterone (pmol/l) 130 (7D 69 160 (15) 26 146 (24) 15 194 (132)* 18 
(120) 148) (137) 162 
PRA (ng/ml/h) 27 (02) 69 24 (02) 26 33 (09) 15 29 (06) 19 
Q5 (22) 7) (2 





ANP, atrial natriuretic peptide; PRA, plasma renin activity *p < 005, tp < 001, tp < 0001 for group 1, 2, or 3 v control 
groups, §p < 001, |p < 0 001, for group 2 or 3 v group 1 (Mann—Whimey non-parametric test). 


p<0 001 tension were seen between group 1, group 2, 
5 and the control group. The serum creatinine 
concentration was higher in group 3 than in any 
other study group and serum sodium concen- 
tration was lower in group 3 than in the control 
group (table 2). In addition, the serum albumin 
concentration was lower in group 3 than in the 
control group or in group 1. No significant 
differences were seen in haematocrit between 
the study groups. 


ECHOCARDIOGRAPHY AND EXERCISE TESTING 

The left atrial and left ventricular diameters 
were greater and fractional shortening and peak 
rate of increase in left ventricular diameter 
, were smaller in group 2 than in the control 
Group 1 Group 2 Group 3 group or in group | (table 3). The dimensions 
of the cardiac chambers were greater and 


controls. Group 1, heart failure unlikely; group 2, possible heart failure; and group 3, fractional shortening was smaller in group 2 
defimte heart faslure, according to the Boston classification. Open symbols indicate than in the control group or in group 1. These 
patients receiving B blockers. p Values indicate sigmficance tn the non-parametric test data indicate that both left ventricular systolic 


(Mann Whiney) Solid bars show medians; the dotted line represents the upper limit of 
the 95% confidence interval for values tn the control group. 
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). See legend to figure 1 for an explanation of the groups and symbols. 
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and diastolic function were impaired in groups 
2 and 3. There was no difference in indices of 
left ventricular systolic function between group 


‘| and the control group. On the other hand, the ~ 


peak rate of increase in left ventricular dimen- 
sion was lower in group 1 than in the control 
group, which suggests that left ventricular 
diastolic function was also impaired in group 1. 
Furthermore, the peak rate of oxygen consum- 
ption in the exercise test was greater in each 
patient group than in the control group and it 
was lower in group 3 than in group 1. The 
results of the echocardiographic and exercise 
measurements were essentially the same when 
men and women were analysed separately. 


PLASMA HORMONES 

Plasma atrial natriuretic peptide concentration 
was higher in group 3 than in any other study' 
group and it was higher in group 2 than in the 
Soup" Group 2 Sup 3 control group or groùp 1 (table 4, fig 1). Both 


trations were somewhat higher in group 3 than 


r 


Neuroendocrine activity in untreated heart failure 


* Plasma noradrenaline (nmol/l) 


> 


N 


0 


Control 


in the control group but they were not higher in 
group 3 than in group 1 or group 2 (figs 2 and 
3). Plasma aldosterone concentration showed a 
wide range of variation in all study groups (fig 
4). There was no significant difference between 
the study groups in plasma renin activity, 
which was considerably increased in only four 
patients (fig 5). 

There were no significant differences in 
plasma hormone values between men and 
women, and no significant differences between 
non-obese and obese persons either in the 





Group 1 Group 2 Group 3 


Figure 3 Plasma noradrenaline concentrations (1 nmol/l = 169-2 pg/ml) tn patients 
and controls. See legend to fig 1 for an explanation of the groups symbols. 
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Figure 4 Plasma aldosterone concentrations tn patients and controls subjects. See 
legend to fig 1 for an explanation of the groups and symbols. 


Plasma renin activity (ng/ml/h) 


15 


Control 





Group 1 Group 2 Group 3 


Figure 5 Plasma renin acttoities Patents and controls. See legend to fig 1 for an 
explanation of the groups and symbols. E 


.. relative heart volume, 
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entire patient population or within any of the 
study groups. The results were essentially the 
same when patients treated with 8 blockers, 
calcium antagonists, or long acting nitrates 
were excluded separately or altogether from the 
analysis. The results also remained unchanged 
when those controls who were defined as hav- 
ing hypertension were not included. Plasma 
atrial natriuretic peptide concentration was 
higher in patients who had signs of volume 
overload than in patients who had none of these 
signs (192 (23) pg/ml v 113 (35) pg/ml, p « 
0-01 (all patients included)). However, even 
when only those patients in whom no signs of 
volume overload were seen were included in 
the analysis, plasma atrial natriuretic peptide 
concentration was still higher in group 3 than in 
group 1 (297 (81) pg/ml v 53 (7) pg/ml, p « 
0-01). We found no significant differences 
between the study groups for any other hor- 
mones which are associated signs of volume 
overload. 

Table 5 shows the correlations of plasma 
hormone values with each other and with some 
other selected variables. All patients were 
included in these linear regression analyses. 
There was a positive correlation between 


. plasma atrial natriuretic peptide, adrenaline, 


and noradrenaline concentrations. Plasma 
atrial natriuretic peptide concentration was 
also correlated positively with heart rate, 
New York Heart 
Association functional class, and with left atrial 
and ventricular dimensions determined by 
echocardiography. Plasma atrial natriuretic 
peptide concentration was negatively 
correlated with fractional shortening, peak rate 
of increase in left ventricular diameter, and 
peak rate of oxygen consumption. 

In group 3, there was a statistically sig- 


. nificant inverse correlation between plasma 


atrial natriuretic peptide concentration and 
peak rate of increase in left ventricular diameter 
(r = —0-603, p < 0-01) and with peak rate of 
oxygen consumption (r = —0:966, p < 0-01). 
No other significant correlations were found 
within this group between plasma hormone 
values and the variables listed in table 5. We 
found no significant correlations between any 
of the plasma hormone measurements in the 
controls, but there was a weak inverse correla- 
tion between plasma adrenaline concentration 
and left ventricular end diastolic and end 
systolic diameters (r = —0:287, p < 0-01 andr 
= —0-289, p < 0-01, respectively). 

We assessed the possible usefulness of 
plasma atrial natriuretic peptide measurement 
as a diagnostic test in confirming the presence 
or absence of “definite heart failure" by the 
Boston classification by using the upper limit of 
the 95% confidence interval in the control 
group (101 pg/ml) as the cut off value. This cut- 
off value had a sensitivity of 83% and a 
specificity of 85% in identifying patients 
belonging to group 3—that is, patients with 
“definite heart failure" (fig 1). Furthermore, if 
the. plasma concentration of atrial natriuretic 
peptide was above the cut off level, the 
probability that the patient belonged to group 3 
was 71% (positive predictive value) and if the 
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Table 5 Correlation coefficients of hormone values with each other and unth other selected variables, all patients 

















included 

Variable ANP Adrenaline Noradrenaline Aldosterone PRA 
ANP 1 000 0 361* 0 4661 0 149 0 190 
Adrenaline 0361* 1000 0 393* —0 090 —0 238 
Noradrenaline 0 466T 0 393* 1 000 —0 262 —0 092 
Aldosterone 0 149 —0 090 0 262 1000 0-153 
PRA 0 190 —0 238 —0 092 0 153 1 000 
Heart rate 0 4521 0 183 0 242 0 054 0 118 
Relative heart volume 0 616t 0 274 0 321 0 128 0 073 
NYHA class 0 500t 0 136 0 124 0 138 0 140 
Fractional shortening —0 580t —0 230 —0 288 —0 069 0 304 
Left atrial dimension 0341* 0-016 0 095 —0 113 0 009 
LV end diastolic diameter 0481f —0 073 0 026 0 286 0 099 
LV end systolic diameter 0 581T 0 080 0 141 0 080 z 0 240 
Peak rate of increase in LV diameter —0 448* —0 093 —0 174 0 056 ~Q 337 
Peak rate of oxygen consumption —0 469* —0 152 —0 339 --0 330 —0 244 





ANP, atrial natriuretic pepnde, LV, left ventricular; NYHA class, New York Heart Association functional class, PRA, plasma 
renin acuvity Correlation coefficients were obtained by linear regression analysis, *p < 001, fp < 0001 


plasma atrial natriuretic peptide concentration 
was equal to or below the cut off level, the 
probability that the patient did not belong to 
group 3 was 92% (negative predictive value). 
Three patients who had been classified as 
group 3 had plasma atrial natriuretic peptide 
concentrations below 101 pg/ml (fig 1), but two 
of them had been receiving treatment with 
calcium antagonists and one with long acting 
nitrates. On the other hand, two patients belon- 
ging to group 2 had plasma atrial natriuretic 
peptide concentrations considerably above the 
cut off value; one had aortic valve stenosis and 
incompetence and the other had aortic valve 
incompetence. Just one of 21 patients with 
plasma atrial natriuretic peptide of > 101 pg/ml 
was classified as group 1 and that patient had 
atrial fibrillation. 


Discussion 

This study on the neuroendocrine activation in 
newly diagnosed heart failure showed that the 
concentration of plasma atrial natriuretic 
peptide was raised and sympathetic nervous 
activity was already increased before the start 
of treatment, whereas the renin-angiotensin- 
aldosterone system was not activated at this 
stage. 

Since the discovery of atrial natriuretic pep- 
tide by deBold et al,” the peptide has been a 
subject of intensive research. It is now well 
known that atrial natriuretic peptide is stored 
in both the atrial and ventricular cardiocytes?* 2 
and is released from the cardiocytes in response 
to stretching of the atrial tissue, 7 expansion 
of circulating blood volume,” or increased 
atrial contraction frequency.? Previous studies 
have shown, furthermore, that the plasma 
concentration of atrial natriuretic peptide is 
raised in patients with chronic heart failure 
(during drug treatment), and that the rise is 
proportional to the increase in atrial pressure.’ 
In our study the plasma atrial natriuretic 
peptide concentration was raised in all patients 
with definite heart failure who were not treated 
with vasodilators. Furthermore, in our 
untreated patients the plasma concentration of 
atrial natriuretic peptide correlated with the 
severity of dyspnoea, with peak oxygen con- 
sumption, with radiographic heart volume, and 
with echocardiographic indicators of the 
severity of left ventricular dysfunction. Alth- 


ough no haemodynamic data were available on 
our patients with heart failure, increased atrial 
pressure (or stretch) is the most likely mechan- 
ism underlying the raised plasma atrial 
natriuretic peptide concentration. 

Several studies have shown that sympathetic 
nervous activity, as judged by measurement of 
plasma noradrenaline concentration, is 
increased in patients with heart failure during 
treatment with diuretics.” >? However, studies 


of sympathetic nervous activity in untreated. 


heart failure have been contradictory. lm a 
recent study, plasma noradrenaline concentra- 
tion was not raised in patients with mild heart 
failure from whom cardiac medication had 
been withdrawn one week before the study.’ 
Whereas plasma noradrenaline concentrations 
were raised in untreated patients with 
moderately severe’ or.severe heart failure’? and 
also in patients with asymptomatic left ven- 
tricular dysfunction.” In our study, plasma 
adrenaline and noradrenaline concentrations 
were both significantly higher in patients with 
"definite? heart failure than in healthy con- 
trols. Thus our results accord with activation of 
the sympathetic nervous system early in the 
natural course of heart failure. 

Itis generally accepted that the activity of the 
renin-angiotensin-aldosterone system is 
increased in patients with advanced chronic 
heart failure treated with diuretics.*" On the 
other hand, some previous studies based on 
small series of patients suggested that the renin 
angiotensin-aldosterone system would not be 
activated in patients with heart failure who 
have | not received treatment with 
diuretics.!! ? ^ The results of the present study 
confirm that activation of this system is uncom- 
mon in untreated heart failure. However, 
because these findings apply to the activity of 
the renin-angiotensin-aldosterone system in 
circulating blood only they do not exclude the 
possibility that the tissue renin-angiotensin 
systems could be altered in heart failure. 

We found that plasma atrial natriuretic pep- 
tide concentration was higher in those patients 
in whom there was a definite diagnosis of heart 
failure according to the Boston classification 
and that it was uncommon in patients who 
proved not to be in heart failure. We are 
cautious about drawing definite conclusions 
from this cross sectional study, but our findings 
do suggest that the measurement of plasma 
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atrial natriuretic peptide might be helpful in 
the diagnostic evaluation of patients with sus- 
pected heart failure and that this measurement 
could be particularly useful in excluding heart 
failure. 
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Balloon dilatation of the aortic valve in the fetus: 


a report of two cases 


Darryl Maxwell, Lindsey Allan, Michael J Tynan 


Abstract 
Because they had irreversible damage to 
the left ventricular myocardium none of 
12 patients with critical aortic stenosis 
diagnosed prenatally survived after 
postnatal treatment. This experience 
prompted three attempts at intrauterine 
balloon dilatation of the aortic valve in 
two fetuses with this condition. On each 
attempt the balloon catheter was 
successfully delivered to the left ventri- 
cle. In the first fetus the aortic valve was 
not crossed and the fetus died the next 
day. In the second fetus the balloon was 
correctly positioned across the aortic 
valve and inflated in the valve ring. After 
delivery, a further balloon angioplasty 
was performed; this relieved the stenosis 
but the patient died five weeks later from 
persisting left ventricular dysfunction 
related to endocardial fibroelastosis. 
Balloon angioplasty is feasible in fetal 
life but the prognosis depends on the 
ability of the relief of stenosis to limit, 
prevent, or allow regression of left 
ventricular damage before delivery. 


The mildest forms of congenital aortic 
stenosis may become haemodynamically 
important only in late adult life when calcifica- 
tion becomes a prominent feature whereas the 
most severe forms are life threatening in 
infancy. In the neonate mortality is high and 
left ventricular dysfunction with endocardial 
fibroelastosis is common. Even when the 
obstruction to the left ventricular outflow tract 
is relieved the left ventricle often fails to 
maintain cardiac output. 

Recently, it has become possible to detect 
both aortic stenosis and the severer forms of 
endocardial fibroelastosis in fetal life. In our 
unit, 28 fetuses were identified as having aortic 
stenosis alone (two cases) or aortic stenosis 
with endocardial fibroelastosis (26 cases). In 
two of the 12 mothers who elected to continue 
the pregnancy there was an intrauterine death. 
None of the 10 livebirths survived; only four 
survived long enough for treatment by balloon 
dilatation of the aortic valve. In addition, we 
saw another prenatal feature that influenced 
the outcome. In four of the 28 fetuses, the left 
ventricle failed to grow normally as gestation 
advanced and the left ventricle became hypo- 
plastic which made the neonate unsuitable for 
relief of aortic valve obstruction.’ 

Balloon dilatation is a well established 
technique for the relief of pulmonary or aortic 


stenosis in children.?? Its efficacy in the new- 
born is being compared with that of surgical 
valvotomy.* We attempted balloon dilatation 
in the fetus in an attempt to improve the 
dismal prognosis for this condition by 
relieving obstruction to the aortic valve before 
irreversible left ventricular damage had 
developed and to try to prevent the growth 
failure that we had seen. We report our 
experience in two fetuses in whom balloon 
dilatation of the aortic valve was attempted. 


Patients and methods . 

Both patients were referred to the Department 
of Perinatal Cardiology after a four chamber 
view of the heart in the local hospital indicated 
an abnormality. They were examined by an 
Advanced Technical Laboratories Mark 4 
sector scanner and a Hewlett Packard 77020A 
phased array scanner with 5 MHz transducers. 
Both machines can be used for Doppler 
evaluation of intracardiac velocities and the 
Hewlett Packard 77020A can be used for colour 
flow mapping. 

The parents were extensively counselled 
about the experimental nature of the 
procedures to be attempted. The therapeutic 
procedures were performed in the Fetal 
Medicine Unit at Guy’s Hospital with an 
Acuson 128 ultrasound system for visualisation 
of the needle course and manipulation of the 
guide wires and balloon catheters. Eighteen 
gauge transabdominal chorionic villus sam- 
pling needles were used (Rockett, London). 
For needle puncture of the umbilical cord and 
cardiac chambers we used a freehand ultra- 
sound guided method adapted from the tech- 
nique first described by Daffos et al? The 
maternal skin was infiltrated by local anaes- 
thetic before each needle insertion. Intra- 
uterine and intracardiac pressures were 
measured by a sterile system of fluid-filled 
tubing connected from the hub of the needle via 
a solid state transducer to a Siemans Mingograf 
by a previously described method.° In the first 
procedure we used a USCI coronary balloon 
catheter, diameter 2:5 mm when inflated. In the 
second case a 3-5 mm diameter balloon was 
custom made by NuMed. 


CASE 1 

This 23 year old woman (para 2) was initially 
referred at 22 weeks’ gestation. The left 
ventricle was of normal size for the gestation 
but was contracting poorly. There was little 
discernible forward flow into the left ventricle 
or aorta. The left ventricular wall showed 
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increased echogenicity. Colour flow mapping 
showed a patent foramen ovale. The parents 
were advised of the likely poor prognosis but 
the mother elected to continue the pregnancy. 
A repeat scan at 28 weeks’ gestation showed 
that the left ventricle had not changed in size 
and was therefore small for the gestation by this 
time. There was no flow detectable in the 
ascending aorta and the atrial septum was now 
closed. The intrauterine procedure took place a 
few days later. The mother was sedated with 
intravenous pethidine. The fetal position was 
initially unfavourable with the spine anterior, 
but spontaneous fetal movement resulted in a 
more suitable position with the cardiac apex 
positioned laterally about an hour later. On the 
first needle insertion, the right ventricle was 
entered and a pressure tracing recorded. The 
needle was then withdrawn and the left 
ventricle entered through the left ventricular 
free wall. The balloon catheter was passed 
down the needle but the guide wire could not be 
made to cross the aortic valve. At this time at 
one point, the needle crossed the aortic valve. 
We thought that the route of approach was not 
sufficiently direct so a new needle insertion was 
attempted. This entered the heart at the apex 
and in line with the origin of the aorta. 
However, the guide wire was repeatedly 
deflected off the aortic valve to pass retro- 
gradely through the mitral valve. Three 
episodes of fetal bradycardia occurred during 
the procedure; these were reversed with 
intracardiac isoprenaline. The attempt was 
considered to have failed and therefore was 
abandoned at this stage. The fetus was active 
and the heart was in sinus rhythm at the end of 
the procedure but death occurred during the 
next 24 hours. 

Postmortem examination showed a single 
puncture mark on the anterior chest wall. 
There was 7 ml of blood in the left pleural 
cavity and 3 ml in the right. There was no blood 
in the pericardial cavity. The heart showed a 
moderate degree of left ventricular hypoplasia, 
a'small stenotic mitral valve, and endocardial 
fibroelastosis of the left ventricle. The ascend- 
ing aorta was small for gestational age. The 
valve was formed by a thin but complete 
membrane that had been raggedly torn, 
apparently during the interventional procedure 
and not at necropsy. The foramen ovale was not 
patent. 


CASE 2 

A 41 year old woman (para 2) was initially 
referred at 30 weeks’ gestation. A normal fetal 
karyotype had been found on chorionic villus 
sampling at nine weeks’ gestation. At a routine 
scan in the local hospital at 18 weeks’ gestation, 
the four chamber view was passed as normal. 
The second scan at 30 weeks was to check 
placental position but the fetal heart seemed to 
be abnormal and the patient was referred to 
Guy’s Hospital. The left ventricle was poorly 
contracting and thickwalled with increased 
echogenicity of the lining. There was, however, 
some forward flow through the mitral valve and 
the atrial septum was patent. The aortic valve 
seemed thickened and restricted in motion with 
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the velocity of flow increased to 150 cm/s. 

The first interventional procedure took place 
a week later at 31 weeks’ gestation. The fetal 
orientation was favourable from the start such 
that a direct approach from the apex could be 
made on the first attempt. A guide wire was 
advanced through the needle and across the 
aortic valve under direct view. The balloon 
catheter was then inserted and inflated. The 
balloon, however, seemed to be in the left 
ventricular outflow tract and not in the valve 
orifice itself when inflation took place. Retro- 
spective review of the videotape recorded at 
this time confirmed this. The balloon burst in 
situ, and when it was being withdrawn through 
the needle it impacted on the edge of the needle 
and was torn from the main body of the 
catheter. The needle and the portion of catheter 
within it were then withdrawn as one. The fetal 
heart remained in sinus rhythm throughout. 
No change in flow could be detected across the 
aortic valve after the procedure and the attempt 
was deemed unsuccessful. Subsequently the 
balloon and wire could be seen on ultrasound 
examination to be impacted between the left 
atrium and the septal left ventricular wall 
below the outflow tract. It was not causing any 
obstruction. 

A second attempt was made 10 days later at 
33 weeks’ gestation. The left ventricular apex 
was entered on the second needle placement. A 
guide wire was entered through the needle and 
passed easily across the aortic valve. After we 
established that the valve could be crossed with 
the guide wire the wire was withdrawn and 
the custom made balloon catheter was then 
inserted. It was inflated twice within the valve 
orifice. The catheter and needle were then 
removed simultaneously. The fetal heart rate 
was normal throughout except for a transient 
bradycardia at balloon inflation that did not 
require treatment. Fetal movement did not 
interfere with the procedure. The technical 
success of the procedure appeared to be 
confirmed by an improvement in aortic flow 
shown by Doppler echocardiography; the 
velocity of flow fell from 150 cm/s to 120 cm/s. 

One week later, the mother went into 
spontaneous labour and was delivered in the 
local hospital. The neonate was male, had 
Apgar scores of 7 and 9 at 1 and 5 minutes and 
weighed 2-98 kg. He was transferred to Guy's 
Hospital on facial oxygen and a prostaglandin 
infusion. The Doppler gradient across the 
aortic valve on admission was 36 mm Hg. The 
reduced function and echogenicity of the left 
ventricle were confirmed. There was a large 
ductus arteriosus. The remnants of the balloon 
used for the first procedure were seen in the left 
ventricular outfiow tract close to the septal wall. 
Balloon dilatation with a Schneider-Shiley 
catheter passed retrogradely from the femoral 
artery was successful when he was 18 hours old. 
An aortogram showed mild distal aortic arch 
hypoplasia but seemed to exclude aortic 
coarctation. There was no increase in Doppler 
estimated velocity around the aortic arch. 

The infant required continuous ventilation 
and circulatory support. Left ventricular func- 
tion initially seemed to improve but by day 10 
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it was dyskinetic. Renal failure developed and 
was treated by peritoneal dialysis. By day 27, 
however, there was no recovery of renal func- 
tion and the neonate showed impaired hepatic 
and left ventricular function. On Doppler 
examination there was no gradient across the 
aortic valve or around the aortic arch at this 
time and the duct had closed. After conferring 
with the parents, intensive care was stopped on 
day 28 and the neonate died. 

A postmortem examination showed that the 
left ventricular wall was thickened and lined 
with fibroelastosis. The remnants of the original 
balloon catheter and guide wire lay in the left 
ventricular outflow tract but were firmly 
anchored in the myocardium. They were not 
causing an obstruction. The aortic valve was 
dysplastic though the cusps were cleanly split 
along the commissures. The diameter of the 
aortic root at the origin was 8 mm, with a 
maximum diameter of 11 mm in the ascending 
aorta. The aortic arch narrowed to 5 mm with 
the suggestion of a small, distal, discrete coarc- 
tation shelf when the arch was opened. 


Discussion 

Aortic valve disease can be diagnosed with 
accuracy by-echocardiography before birth. 
The diagnostic features include a poorly 
contracting left ventricle, aortic valve thicken- 


ing and restriction, a varying degree of left- 


ventricular hypertrophy and echogenicity, and 
abnormal Doppler flow characteristics in the 
left heart. There may be little or no detectable 
flow into or out of the left side of the heart. The 
atrial septum is often closed at the initial 
examination, or closes as gestation advances, as 
shown in one of our patients. 

In our prenatal series of 12 continuing 
pregnancies some cases‘did not survive until 
delivery and a further group did not live to 
reach either the catheter laboratory or surgery. 
Those who survived to undergo relief of aortic 
obstruction all subsequently died of endocar- 
dial fibroelastosis or left ventricular hypoplasia. 
In the face of this mortality we considered 
prenatal treatment. 

The technique of transuterine’ cardiac 
puncture for fetal blood sampling or fetal 
transfusion is well established in specialised 
obstetric practice. During the procedures all 
the drugs normally necessary for resuscitation 
were available in doses appropriate to the fetal 
size. The balloon catheters used were a 
modification of those used in postnatal life and 
the procedure for‘ positioning the guide wire 


and balloon within the valve was similar to that : 


practised in children. Thus in the prenatal 
procedure we described we combined two 
established techniques and brought together 
the expertise of the two specialties. 

It is important to consider the possible 
hazards to the mother and the fetus and to 
weigh them against the potential benefit of the 
procedure. Sterile techniques were used for 
insertion of needles and both mothers were 
given prophylactic antibiotics before and for 24 
hours after the procedure. Maternal discomfort 
can be minimised by premedication and local 
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anaesthetic at the site of needle puncture. It is 
possible that premature labour may be 
precipitated and this would require active 
treatment. There seems to be little associated 
tissue damage to the fetus. Haemorrhage from 
the puncture site may have caused the intra- 
pleural collections found at necropsy in the first 
case though there was no intrapericardial 
blood. The fetal position of case 1 necessitated 
crossing the lung fields with the needle whereas 
the position of case 2 allowed a direct apical 
puncture and no intrapleural fluid was seen on 
ultrasound in the days after the procedure. In 
case 1, the needle itself apparently tore the 
aortic valve but this could be an intended first 
step when the guide wire fails to cross the aortic 
valve. In the second case, there was no evidence 
of a needle puncture site in the newborn at 
delivery one week after the interventional 
procedure nor was intracardiac trauma found 
at necropsy. The detachment of part of the 
balloon and its impaction in the ventricular 
wall in the second case was a technical error but 
one which may be avoided in the future by 
improvements in the design of the balloon 
catheters and needles. 

It may be that patients with aortic stenosis 
who are suitable for this procedure require to 
be carefully selected. For example, where there 
is already established severe endocardial 
fibroelastosis .or where the left ventricle is 
failing to produce an increased velocity of flow 
across the stenotic valve, ventricular damage 


‘may already be irreversible. Once the' atrial 


septum is closed, relief of left ventricular 
obstruction alone may not be sufficient to 
maintain left ventricular growth. Where the 
conditions seem favourable for balloon dilata- 
tion of the aortic valve, it may also be necessary 
to dilate the mitral valve because there is often 
considerable inflow obstruction associated with 
aortic valve disease. 

In summary, case 1 proved that delivery of 
the balloon to the left ventricle is possible in 
utero and case 2 that balloon dilatation of the 
fetal aortic valve is technically possible. 
Further experience with the technique will 
clarify which patients will benefit most from 
this form of treatment. Though the place of this 
form of treatment in the varying options for 


. management of this condition has yet to be 


established, this preliminary step to prenatal 
treatment seems promising. 
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Non-invasive assessment of perioperative 
myocardial cell damage by circulating cardiac 


troponin T 


Hugo A Katus, Michael Schoeppenthau, Ahmed Tanzeem, Hans G Bauer, 
Werner Saggau, Klaus W Diederich, Siegfried Hagl, Wolfgang Kuebler 


Abstract 

Troponin T is a unique cardiac antigen 
which is continuously released from 
infarcting myocardium. Its cardio- 
specificity as a marker protein might 
be particularly useful in assessing myo- 
cardial cell damage in patients under- 
going cardiac surgery. Therefore, circu- 
lating troponin T was measured in serial 
blood samples from 56 patients under- 
going cardiac surgery and in two control 
groups — 22 patients undergoing minor 
orthopaedic surgery and 12 patients 
undergoing lung surgery by median ster- 
notomy. In both control groups no 
troponin T could be detected, whereas 
activities of creatine kinase were raised 
in all 12' lung surgery controls and 
activities of the MB isoenzyme were 
raised in five of the 12 patients in the lung 
surgery group and in four of the 22 
patients in the orthopaedic surgery 
group, respectively. All the patients 
undergoing coronary artery bypass graf- 
ting (n = 47) and cardiac surgery for 
other reasons (n = 9) had detectable 
concentrations of troponin T. Five 
patients had perioperative myocardial 
infarction detected as new Q waves and 
R wave reductions. In these five patients 
troponin T release persisted and serum 
concentrations (5:5-23 yg/l) reached a 
peak on the fourth postoperative day. In 
the 51 patients without perioperative 
myocardial infarction serum concentra- 
tions and the release kinetics of troponin 
T depended on the duration of cardiac 
arrest. Ín patients in whom aortic cross 
clamping was short troponin T increased 
slightly on the first postoperative days; in 
patients with longer periods of aortic 
cross clamping troponin T concentra- 
tions were higher and remained so 
beyond the fifth postoperative day. In 
patients with non-specific changes on the 
electrocardiogram troponin T concen- 
trations were significantly higher on days 
1 and 4 after operation than in patents 
with normal postoperative electrocar- 
diograms (11:2 (5) and 4:5 (2:6) v 8:2 (3:4) 
and 2-9 (1:6) ug[1). 

Serum concentrations of troponin T 
showed some myocardial cell damage 
in every patient undergoing cardiac 
surgery. The persistent increases that 
were more common in patients with 
longer periods of cardiac arrest must 


.indicated by changes of the 


have been caused by damage to the 
contractile apparatus. These results 
suggest that perioperative myocardial 
cell necrosis may be more common than 
QRS 
complex on the electrocardiogram. 


Measurements of serum creatine kinase (EC 
2.7.3.2) and lactate dehydrogenase (EC 
1.1.1.27) activity and changes on the 
electrocardiogram are reliable indicators of 
acute myocardial infarction if there is no 
major damage to skeletal muscle. In patients 
undergoing cardiac surgery the value of these 
diagnostic methods is limited by enzyme 
release from non-cardiac tissues and non- 
specific changes (for example, ST segment 
and T wave) on the electrocardiogram.!? 
Consequently, only major perioperative acute 
myocardial infarctions can be confirmed by 
these diagnostic methods.’ * 

The specificity of serological testing for 
perioperative acute myocardial infarction can 
be improved by measuring the MB isoform of 
creatine kinase, but even creatine kinase MB 
is not a cardiospecific molecule?" and some of 
the circulating creatine kinase MB, which is 
consistently found in patients undergoing 
cardiac surgery,? might well originate from 
non-cardiac tissues. Limited specificity 
hampers the assessment of the effectiveness of 
various cardioprotective measures. 

Different protein isoforms in muscles can be 
identified by immunoassay.” Proteins 
derived from the contractile apparatus are 
released in patients with acute myocardial 
infarction and in some patients with unstable 
angina." Sensitive assays that detect minor 
myocardial cell damage with high sensitivity 
and specificity would be especially useful in 
patients with concomitant damage to the 
skeletal muscle which is inevitable during car- 
diac surgery. We have measured circulating 
cardiac troponin T in patients undergoing 
cardiac surgery. 


Patients and methods 

PATIENTS 

The first control group consisted of 22 patients 
with fractures of forearm, hand, shank, and 
foot admitted during a two week interval to an 
orthopaedic surgery ward (table). Skeletal 
muscle damage in this group was minor and 
resembled that in patients undergoing median 
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Clinical characteristics (mean (SD) ) of the study groups 


Sex 
Study group No Age (yr) M F 
Orthopaedic surgery 22 47(18) 13 9 
Thoracic non-cardiac 12 46(17) 12 0 
Cardiac surgery (coronary) 47 59 (8) 37 10 
Cardiac surgery (non-coronary) 9 44(17) 5 4 





Duration (mun) of: 

Operation Extracorporeal perfusion Cross clamping 
29 (21) — — 

135 (54) — — 

190 (42) 83 (40) 55 (27) 

158 (42) 88 (34) 65 (25) 





sternotomy. In this group of otherwise healthy 
patients we took blood samples on two con- 
secutive days after operation. 

The second control group consisted of 12 
men undergoing median sternotomy for resec- 
tion of mediastinal tumour or of solitary 
pulmonary metastasis (table). In three patients 
additional  pericardectomy had to be 
performed; this was accomplished without 
major trauma to the heart. There was no 
evidence of important coronary artery disease 
in these patients as assessed by history, elec- 
trocardiogram, and preoperative exercise stress 
testing. After thoracic surgery there were no 
signs of myocardial ischaemia on the 12 lead 
electrocardiogram immediately after and six 
hours after operation. In this group of patients 
10 ml blood was taken before and two, 16, 40, 
64, and 88 hours after thoracotomy. 

The coronary artery bypass graft group 
consisted of 37 men and 10 women (mean age 
59 years) (table), At the time of coronary 
angiography 30 patients (64%) complained of 
unstable angina; this was stabilised by medical 
treatment in 21 patients before operation. The 
remaining 17 (36%) patients had stable angina. 
Left ventricular function was normal in 24 
(51%) patients, impaired in 16 (34%) patients, 


and poor in seven (15%) patients. Previous - 


myocardial infarction was found in 26 (49%), 
diabetes in 15 (29%), and impaired renal 
function in nine (10%) of the 47 patients. 
Coronary angiography showed one vessel 
disease in three (6%) patients, two vessel 
disease in eight (17%) patients, and three vessel 
disease in 36 (77%) patients. A mean of three 
bypass grafts per patient was implanted. The 
internal mammary artery was used as the 
bypass vessel in 27 patients. The mean dura- 
tions of operation, of extracorporeal perfusion, 
and of aortic cross clamping were 190, 83, and 
55 minutes, respectively. T'wo patients needed 
postoperative intra-aortic balloon counterpul- 
sation. 

The patient group with cardiac surgery other 
than coronary artery bypass grafting consisted 
of two patients with patch closure of an atrial 
septal defect, six patients with aortic valve 
replacement, and one patient with mitral valve 
replacement. The mean age of the four women 
and five men was 46 years (table). The mean 
durations of cardiac surgery, of extracorporeal 
perfusion, and of aortic cross clamping were 
158, 88, and 65 minutes, respectively. Cardio- 
protection was achieved by infusion of a mean 
of 1-6 I Bretschneider HTK cardioplegic solu- 
tion (sodium chloride 15 mmol/l, potassium 
chloride 9 mmol/l, potassium ketoglutarate 1 
mmol/l, magnesium chloride 4 mmol/l, his- 
tidine 198 mmol/l, tryptophan 2-0 mmol/l, 


mannitol 30 mmol/l, pH 7-1, osmolality = 310 
mosmol/D,? at 4°C into the aortic root. The 
heart was cooled externally by 4°C sodium 
chloride solution, to a mean myocardial tem- 
perature of 10-5°C. The body temperature was 
kept at 26°C by systemic hypothermia. Left 
atrial venting of the heart was routinely perfor- 
med. 

All patients gave informed consent to the 
study after thorough explanation of the 
protocol. The investigation was approved by 
the ethics committee on human research. 


MEASUREMENTS OF CARDIAC MARKER PROTEINS 
We collected 10 ml of blood before the opera- 
tion; at the beginning and the end of extra- 
corporeal perfusion; at the end of operation; 2, 
8, 12, and 24 hours after surgery; and then once 
daily until the sixth postoperative day. The 
blood samples were stored at room temperature 
for 30 minutes to allow clotting. After cen- 
trifugation the serum was stored at —20'C 
until all blood samples had been collected. 

Cardiac troponin T was measured by an 
enzyme immunoassay developed in coopera- 
tion with Boehringer Mannheim.” In this assay 
the troponin T molecule is bound by an affinity- 
purified cardiospecific sheep anti-troponin T 
antibody fraction immobilised on test tubes. 
Troponin T bound to the test tubes by these 
antibodies is then detected by the addition of a 
monoclonal anti-troponin T antibody labelled 
with horseradish peroxidase. This peroxidase 
labelled second antibody binds to the troponin 
T molecule on its specific epitope. The perox- 
idase activity adhering to the assay tubes after 
several steps of washing is assessed by 
colorimetric measurement of substrate conver- 
sion. 

The troponin T measurements were perfor- 
med in duplicate by a batch ELISA analyser 
(Enzymun Test System ES 22, Boehringer 
Mannheim). In this system 200 ul of the 
patient’s serum sample was added to the test 
tubes; the addition of 1 ml peroxidase labelled 
monoclonal anti-troponin T antibody and 
all washing steps were performed semi- 
automatically. The test results were obtained in 
90 minutes. The assay detected from 0-5 to 18 
ug/l with inter-day coefficients of variation 
ranging from 5-0 to 7-095 (fig 1). The analytical 
sensitivity of this test was determined as the 
mean value + 3 SD of non-specific colour 
change in the test tubes containing 5% bovine 
serum albumin buffer solutions. The back- 
ground colour change under these conditions 
was equivalent to 0-25 (0-11) ug/l of troponin 
T. The mean substrate conversion in 126 
healthy volunteers and a pool of blood donors 
was equivalent to 0-18 (0-1) ug/l of troponin 
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Figure] Mean (1 SD) 
of all 10 standard curves 
of the cardiac troponin T 
piper ee 
days during the study. The 

coefficients of variation are 
indicated as percentage 


Optical density (608nm) 


88 
Cardiac troponin T (pg/l) 


T.” Thus in normal human serum no circulat- 
ing troponin T was found at the sensitivity, 
limit of this assay because non-specific binding 
and the imprecision of the test precluded a 


quantitative analysis of troponin T concentra- . 


tions below 0-5 ug/l. In the present study the 


test result of sera below 0:5 ug/l was recorded as ' 
and the results of the ' 


“not increased" 
measurements were given. 

Screening assays and immunoblot analysis 
showed that theaffinity-purified antibodies only 
reacted’ with cardiac troponin T. However, 
because of non-specific absorption of purified 
skeletal troponin T to the assay tubes there was 
a 1-2% cross reactivity with troponin T extrac- 
ted from mixed human skeletal muscle. 

We measured total serum creatine kinase 


.activity in a Chem 1 analyser (Technicon, 


Terrytown, USA) using the reagents provided 
by the manufacturer. We used an immuno- 
inhibition assay for creatine kinase MB.” The 
upper limit of the normal range at 25°C was 75 
IU/I for total creatine kinase and 10 IU/I for 
creatine kinase MB. 


ELECTROCARDIOGRAM 
A 12 lead electrocardiogram was obtained 
before operation; 2, 6, and- 48 hours after 
operation; and-then once on the seventh post- 
operative day.. Diagnostic criteria for 
perioperative acute myocardial infarction were 
new Q waves of > 0:04 ms and reductions in 
the R wave of > 25% in at least two leads of the 
12 lead electrocardiogram on day 7. Newly 
detected conduction defects and changes in the 


‘ST segment, T wave, or QRS complex not 


diagnostic for acute myocardial infarction were 
regarded as non-specific. The electrocardio- 
gram was analysed by an experienced 
cardiologist (K WD) who was unaware of the 


serological test results. 


STATISTICAL ANALYSIS 


Linear regression analysis and analysis of 


variance was used throughout the study. Statis- 


. tical significance was set at the 5% probability 


level. The table gives mean values and their 
standard deviation. The changes i in the serum 
concentration of cardiac troponin T are shown 
as medians and interquartile ranges (25-75%). 





Results 

RELEASE OF MARKER PROTEIN IN THE STUDY 
GROUPS 

Figure 2 shows the peak serum concentrations 
of troponin T and total creatine kinase activity 
in the 22 patients who had minor orthopaedic 
surgery, 12 patients who had lung surgery by 


' median sternotomy, 51 patients with cardiac 


surgery, and five patients with cardiac surgery 
and perioperative acute myocardial infarction. 
Cardiac troponin T was undetectable in the 
patients in both control groups (median colour 
change of substrate solution corresponding to 


- 0:18 ug/l and 0-21 ug]l troponin T). In patients 


who had cardiac surgery serum concentration 
of troponin T was at least twice the analytical 
sensitivity of the assay (median 5 ug/l, range 
1-3-11 ug/l). The troponin T concentrations 
were significantly higher in the patients with 
electrocardiographic signs of perioperative 
acute myocardial infarction (median 11 gugjl, 
range 6-31 yg/l) than in the cardiac surgery 
group without acute myocardial infarction (p 
< 0-01). 

We measured total serum creatine kinase 
activity to indicate the extent of skeletal muscle 
damage in the same group of patients. Total 
serum creatine kinase activity was increased in 
all but five patients in the control groups and in 
all 56 cardiac surgery patients. Peak serum 
creatine kinase activity was significantly higher 
in the patients with perioperative acute 
myocardial infarction (median 600 IU/l, range 
370—1600 IU/I) than in the control groups and 
in the remaining patients who had cardiac 
surgery. Measurements of serum creatine 
kinase MB activity gave four and five false 
positive test results in the groups who had 
orthopaedic and lung surgery, respectively. 
Creatine kinase MB was increased in all but one 
patient in the cardiac surgery group (median 22 
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Figure 2. Peak concentrations of cardiac tropomn T and 
pealk serim credite Kite detiviriei in 22 parients who 
minor orthopaedic operations, 12 patients who had 
lung surgery and median sternotomy, 51 patients who had 
eara surgery, and five patisnts who had cardiac surgery 
and perioperative acute myocardial infarction. The 
analytical sensitivity of the troponin T test and the upper 
lirmt of normal creatine kinase activity are 0 5 ug]l and 
75 IUJI, respectively. AMI, cardiac surgery group with 
perioperative myocardial infarction; Cardiac, group that 
had cardiac surgery without pertoperativs myocar: 
infarction; Lung, lung surgery group (median 
sternotomy); Orth, orthopaedic surgery group. 
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IU/l, range 8-47 1U/I) and in all patients with 
perioperative acute myocardial infarction 
(median 70 IU/l, range 21-231 IU/I). 


CHANGES IN THE SERUM CONCENTRATION OF 
TROPONIN T IN THE 56 PATIENTS IN THE 
CARDIAC SURGERY GROUP 

Figure 2 shows the 51 patients who had cardiac 
surgery without perioperative acute myo- 
cardial infarction ranked according to their 
aortic cross clamp time. The three ranked 
groups show the effects of duration of cardiac 
arrest on the release kinetics of troponin T. 
Serum troponin T' was increased immediately 
after surgery, peaked on the first postoperative 
day, and declined slowly thereafter. T'he serum 
concentration of troponin T, and the length of 
time it was increased, increased with the 
duration of aortic cross clamping. 

In the five patients with perioperative acute 
myocardial infarction (figure 3, lower part) 
troponin T concentration remained high (up to 
20 times the analytical sensitivity of the test) on 
day 5 after operation. Troponin T concentra- 
tions reached a peak (11 ug/l) (range 6-31 ug/D) 
on the first postoperative day and remained 
high with a second less well defined peak of 8-4 
ug/l (range 5:5-23 g/l) on the fourth day after 
operation. 


EFFECTS OF DURATION OF CARDIAC ARREST ON 
RELEASE OF TROPONIN T 

Both the peak troponin T' concentration on 
days 1 and 4 and cumulative release of troponin 
T, assessed as area under the serum concentra- 
tion curve, were associated with the duration of 
cardiac arrest (p « 0-001, p < 0-01, and p < 
0-001, respectively) (fig 4). The duration of 
extracorporeal perfusion (p « 0-005, p « 0-01, 
and p « 0-01) and number of grafts implanted 
(p < 0-05, NS, and p < 0-05) were less strongly 
related to peak concentrations of troponin T on 
days 1 and 4 and total troponin T release after 
operation. Patients with preoperative symp- 
toms of unstable or stable angina had similar 
perioperative concentrations of troponin T. 


TROPONIN T RELEASE AND CHANGES ON THE 
ELECTROCARDIOGRAM 

Figure 5 shows the peak serum concentrations 
of troponin T on days 1 and 4 and total 
troponin T release and the accompanying 
changes on the electrocardiogram in the 51 
patients without perioperative acute myocar- 
dial infarction. Concentrations of troponin T 
tended to be higher in the patients with non- 
specific changes on the electrocardiogram after 
operation. 


Discussion 

The detection and measurement of minor 
perioperative myocardial cell necrosis are 
indicators of the efficiency of cardioprotective 
measures and operative techniques. Diagnostic 
methods applied for the detection of acute 
myocardial infarction in a general hospital 
population cannot be used to identify minor 
myocardial cell damage in patients undergoing 
cardiovascular surgery. In patients undergoing 
cardiovascular surgery the electrocardiogram is 


Lower quartile nz13 
— Median 
7-5 ™ interquartile range 





0 20 40 60 80 100 
Time after operation (h) 
interquartile n=25 


— Median 
75 = intrequartile range 


Cardiac troponin T concentration (pg/l) 





0 20 40 60 80 100 
Time after operation (h) 


Upper quartile n=13 






— Median 
= Interquartile range 


0 20 40 60 80- 100 
Time after operation (h) 
+ | n=5 
AMT n — Median 
™ Interquartile range 


Cardiac troponin T concentration (yg/l) 


20 40 60 80 100 
Time after operation (h) 


Figure 3. Median and interquartile range of changes in 
serum concentration of cardiac troponin T in panents who 
had cardiac surgery, showing its dependency on aortic 
cross clamping time. The patients are ranked according to 
their aortic cross clamping time: lower quartile ( « 25%), 
interquartile, and upper quartile (> 75%). The changes 
ın Serum concentration in patients uith cardiac surgery 
and perioperative myocardial infarction (+ AMI) are 
aso E (note the different scale for troponin T 

values 


only useful for detecting major acute myo- 
cardial infarction, and even in this subgroup of 
patients the electrocardiogram is of low 
sensitivity." ^ Electrocardiographic changes 
such as conduction disturbances or changes of 
the ST segment or T wave may be caused by 
minor or diffusely distributed ischaemic cell 
damage, but these changes are non-specific and 
cannot be used to evaluate the quality of 
cardioprotection. 

Release of myocardial cell constituents is a 
common sequela of severe ischaemia, and 
detection of these cardiac molecules in circula- 
tion by quantitative assays indicates the extent 
of myocardial cell damage independently of its 
location and distribution within the heart. Yet 
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Figure 4 Dependency of 
troponin T peak values 
and cumulative release on 
aortic cross clamp time. 
Patients with 
perioperative acute 
myocardial infarction are 
excluded. 
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the marker proteins for perioperative cardiac 
muscle damage must be cardiospecific and 


' should distinguish between reversible and 


irreversible cell damage. Some circulating 
creatine kinase MB activity found peri- 
operatively?” may originate from con- 
comitant skeletal muscle damage. In addition, 


there is experimental evidence that ‘cytosolic: 


proteins such as creatine kinase MB, but not 
subcellularly compartmented molecules, can 


be released from -anoxic but still viable: 


myocytes.” Circulating creatine kinase MB 


does not always indicate irreversible myo- , 


cardial cell necrosis. . 
Troponin T has a cardiospecific molecule 


with a distinctly different primary structure- 


from-its skeletal muscle isoform.!! We used 


- affinity purified polyclonal antibodies to. 
distinguish between the cardiac and skeletal - 


muscle ‘isoforms of troponin T. The cross 
reactivity of-1-2% with troponin T extracted 


- from skeletal muscle that we saw in the enzyme 

` immunoassay resulted from non-specific absor- 
ption of purified skeletal troponin T on to the | 
assay tubes. Because troponin T was not detec- . 


table in patients with skeletal muscle damage 








and creatine kinase activities up to 50 000 IU/ 


‘1,"° it may be that minor modifications of the 


skeletal troponin T molecule during the puri- 
fication procedures increase the “stickiness” of 
this protein. In the present study as in'a 
previous one,? there was no circulating 
troponin T in patients who had thoracic sur- 
gery only. This contrasts with the results for 
total creatine kinase and its MB isoform. Cir- 
culating cardiac troponin T, however, was 
found in all patients. undergoing cardiac sur- 
gery oh extracorporeal perfusion, indicating 


‘ some myocardial cell damage in all of them. 


After reperfusion in patients with acute 
myocardial infarction the release kinetics of 
serum troponin T resembled those of both 
structurally bound and cytosolic free 
proteins.?5?' These release kinetics result from 
the intracellular compartmentalisation of 
troponin T, which is mostly bound to the 


. contractile apparatus with only a small fraction 


in the cytosolic pool.” The increase in serum 
troponin T concentrations one day after 
surgery which we found in the present study in 
all patients with cardiac surgery may result 
from release of the cytosolic pool of troponin T. 
Two of the 56 patients who had a short period 
of cardiac arrest and no electrocardiographic 
changes had only this early troponin T release, 
which probably reflects minor and reversible 
ischaemic damage to the myocardial cell. In the 


.- remaining 49 patients undergoing cardiac 


surgery with longer periods of cardiac arrest 


: andin the five patients with perioperative acute 


myocardial infarction there was a more long 
lasting increase (peak 2) in the serum concen- 
trations of troponin T'. Because the serum half 
life of troponin T is 120 minutes, the raised 
serum concentrations are likely to be the result 
of the continuing release of troponin T' from 
the disintegrating contractile apparatus. This 
degradation of myofilaments most probably 
indicates irreversible cell damage, which may 
be diffusely distributed throughout the myocar- 
dium. Hence, in patients with a prolonged 
increase in serum troponin T the electrocar- 
diogram showed non-specific changes rather 
than signs of myocardial infarction. 

Diffuse myocardial cell necrosis after cardiac 
surgery was mainly encountered in patients 
with long lasting ischaemic cardiac arrest with- . 
out cardioplegia. Despite excellent operative 
results these patients had severe left and even 
right ventricular pump failure. In our patients 
in whom cardioplegic solution and hypo- 
thermia were used for cardioprotection, cardiac 
ischaemia ‘was well within experimentally 
determined periods of tolerance.” Yet, despite 
this good cardioprotection many patients 
showed evidence of persistent troponin T 
release. Thus under clinical conditions the 
tolerable ischaemic period may be shorter than 
forecast experimentally. This may be because 
the cardioplegic solution is unevenly dis- 
tributed, or rapidly washed out from coronary 
circulation, or both. 

In summary, the concentration of cardiac 
troponin T in serum can be used to identify and 
measure perioperative myocardial cell damage 
and may be useful in assessing the efficiency of 
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Figure 5 Changes on the electrocardiogram and tn tropontn T release ın patients who had cardiac surgery. Non- 
specific changes on the electrocardiogram such as ST segment and T wave changes were more common in patients mth 
increased early, late, and total troponin T release. Patients with perioperative acute myocardial infarction are 
excluded. TnT1, tropomn T peak value on day 1 after operanon; TnT2, troponin T peak value on day 4 after 
operation; TnT-AUC, cumulative release of tropomn T calculated as area under troponin T serum curve. 


cardioprotective measures. 'The persistent 
increase in troponin T found in some patients 
who had cardiac surgery suggests that cardio- 
plegia cannot prevent ischaemic cell damage 
during long periods of cardiac arrest. Thus 
under clinical conditions the ischaemic period 
that can be tolerated by the myocardium may 
be shorter than studies on isolated hearts 
indicate. 
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Characteristics of left ventricular filling in 
coronary artery disease and myocardial ischaemia 
after dipyridamole provocation 


Manjit Shahi, Aleksandar Nadazdin, Rodney A Foale 


Abstract 

Doppler echocardiographic measure- 
ment of transmitral filling velocities 
seems to be a sensitive marker for 
resting left ventricular diastolic 
abnormalities in patients with coronary 
artery disease. The behaviour of these 
filling velocities during induced myo- 
cardial ischaemia, however, has not been 
fully studied. Left ventricular filling was 
assessed by pulsed Doppler ultrasound 
in 21 patients with angina pectoris and 
coronary artery disease and in five 
controls (patients with chest pain but 
without myocardial ischaemia). High 
dose dipyridamole infusion (0°9 mg/kg 
over 10 minutes) was used to provoke 
myocardial ischaemia, which was 
assessed by symptoms and electro- 
cardiographic ST segment change. 
Doppler indices of diastolic filling were 
measured and the results expressed as 
percentage change from baseline values. 
Dipyridamole increased the heart rate 
and reduced systolic blood pressure 
equally in both groups. In the controls 
dipyridamole increased the peak filling 
velocities of both the early and atrial 
filling waves. In the 12 patents with 
coronary artery disease who did not 
develop evidence of | myocardial 
ischaemia, the effect on left ventricular 
filling velocity resembled that in the 
controls though the time to peak change 
was delayed. Six of the nine patients with 
dipyridamole induced myocardial 
ischaemia had a significantly reduced 
maximum changes in early (+30% v 
-- 1896) and atrial (— 02% v -- 337^) filling 
velocities compared with the controls. 
The remaining three patients had a 
decrease in early filling velocity (— 20%) 
with an associated increase in atrial peak 
filling velocity (+ 21%). 

Dipyridamole increased diastolic filling 
velocities in the controls. In patients with 
coronary artery disease there was a 
variable change in diastolic filling indices 
which may be attributed either to the 
degree of myocardial ischaemia or to the 
different haemodynamic changes occur- 
ring during myocardial ischaemia. 


Transmitral pulsed Doppler ultrasound con- 
firmed resting abnormalities of diastolic func- 
tion in patients with coronary artery disease."* 


These were a decrease in the peak velocity of 
the early filling wave together with an increase 
in peak velocity of the atrial filling wave; 
changes which in a simple form may be 
equated with a decrease in left ventricular 
compliance. This reversal of the normal filling 
pattern was also seen in those cardiac condi- 
tions in which there is evidence of hyper- 
trophy or fibrosis of the left ventricle.*® In 
patients with coronary artery disease this find- 
ing has been attributed to the presence of left 
ventricular fibrosis caused by infarction below 
the thresholds of clinical diagnosis or perhaps 
subsequent upon recurrent episodes of 
ischaemia. 

During provoked myocardial ischaemia an 
increase in left ventricular diastolic pressure 
may lead to a decrease in the transmitral 
pressure gradient and would therefore be 
expected to decrease further the peak velocity 
of the early filling wave. Such changes have 
been shown in animal models”? and also in 
humans," when during angioplasty of the 
left anterior descending coronary artery early 
peak flow velocity fell and atrial velocity 
increased. In these reports ischaemia was 
induced by abrupt occlusion of coronary flow 
by the balloon procedure but it 1s not known 
whether these changes occur during demand 
provoked myocardial ischaemia. This in part 
is because of the technical difficulties of 
recording and analysing transmitral Doppler 
signals during exercise. 

As an alternative to exercise dipyridamole 
can be used to provoke myocardial ischaemia. 
Dipyridamole is a potent coronary arteriolar 
vasodilator when it is infused intravenously 
and it causes myocardial ischaemia possibly 
by a mechanism of coronary steal." 

The aim of this study was first to examine 
left ventricular filling characteristics by 
transmitral pulsed Doppler ultrasound during 
infusion of dipyridamole in controls and in 
patients with coronary artery disease and 
secondly to observe the behaviour of left 
ventricular filling indices in those patients in 
whom myocardial ischaemia developed. 


Patients and methods 

CONTROLS 

We studied five controls (mean age 45, range 
30—63 years; three men and two women) who 
presented with chest pain atypical of myo- 
cardial ischaemia. In each the resting elec- 
trocardiogram was normal and the results of 
treadmill exercise testing by Bruce's standard 
protocol showed no ischaemic response. 
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Echocardiography with particular reference to 
left ventricular anatomy was normal. Ea 
patient underwent coronary angiography and 
left ventriculography at the time of left heart 
catheterisation to confirm that left ventricular 
function and the epicardial coronary vessels 
were normal. 


PATIENTS 

We studied 21 patients (mean age 58, range 
50—70 years; 13 men and eight women) who 
presented with chest pain typical of angina 
pectoris with ST segment depression and chest 
pain during treadmill] exercise testing by 
Bruce's standard protocol. All patients had 
normal left ventricular systolic function on 
echocardiography with no global or regional 
wall motion abnormality and no left ventricular 
hypertrophy. Each patient underwent coron- 
ary arteriography and left ventriculography 
and had atleast one major stenosis of a coronary 
vessel (>70% reduction in lumen diameter 
from one or more projections or >50% from 
two or more angiographic projections). All 
patients had angiographically confirmed 
normal left ventricular function and no 
evidence of mitral regurgitation or aortic valve 
disease. Table 1 shows the patient characteris- 
tics of both groups. 

The controls were studied without medica- 
tion. Patients in the study group who were 
taking f blockers and calcium antagonists were 
treated with sublingual glyceryl trinitrate 
instead of their normal medication for three 
days before the study. No drugs were taken on 
the study day. The study protocol was 
approved by the hospital ethics committee and 
written consent was obtained from all patients. 


STUDY PROTOCOL 
All patients were studied in the supine left 


Table 1 Patient characteristics 


Patient Age (yr) Sex CAD 
Controls 
1 63 M None 
2 30 M None 
3 50 M None 
4 41 M None 
5 43 F None 
Panents with coronary artery disease 
1 52 M Cx 
2 56 M LAD 
3 58 M LAD 
4 54 M LAD 
5 60 M RCA 
6 51 M LAD 
7 55 M LAD 
8 60 M Cx 
9 63 M LAD 
10 51 M Cx 
11 69 F LAD 
12 57 M LAD 
13 68 F LAD 
14 70 F RCA 
15 67 M LAD 
16 50 M LAD 
17 55 M LAD 
18 55 M LAD 
19 54 F Cx 
20 60 M Cx 
21 57 M 


+ 
R R 


+ 


RCA + Cx 
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lateral position by combined Doppler and cross 
sectional echocardiography with a 3:5 MHz 
transducer (General Electric Pass 11). Trans- 
mitral flow velocities were recorded by pulsed 
Doppler from the apical transducer position in 
a four chamber view with reference to the 
mitral inflow. From this position the Doppler 
sample volume was placed at the level of the 
mitral annulus and parallel to the mitral inflow. 
We kept the sample volume in a consistent 
position below the mitral valve apparatus. All 
recordings were performed during passive held 
expiration wıth simultaneous imaging of the 
left ventricle and lead II of the electro- 
cardiogram. 

Recordings of transmitral flow velocities 
were performed for five minutes to obtain 
baseline values. Dipyridamole was then 
infused via an antecubital vein at a dose of 0-6 
mg/kg over four minutes followed by a dose of 
0-3 mg/kg commencing at eight minutes for a 
further two minutes. Doppler recordings were 
taken for approximately 15 seconds every min- 
ute during and after the infusion for a total of 20 
minutes. Aminophylline (50-250 mg) was 
given by intravenous injection at the end of the 
procedure or earlier if chest pain or ST 
segment depression occurred. 

Throughout the 20 minute procedure, 
automated measurements of heart rate, blood 
pressure, and 12 lead electrocardiograms were 
taken every two minutes. In the controls during 
dipyridamole infusion the mean (1 SD) maxi- 
mum heart rate increase was + 27 (7)% and the 
maximum fall in systolic blood pressure was 
— 10 (16)% compared with baseline values. In 
the patients with coronary artery disease the 
maximum heart rate increase was 4-18 (10)96 
and the maximum systolic blood pressure 
decrease was — 14 (10)% during dipyridamole 
infusion compared with baseline values. Dif- 

] y 


Exercise test (tima to ST depression (min) ) 


ZZZZZ 


os 
C Ch U9 Un Ui e oO tO fO oU OS UL ON 000 CL 


T 
g 


ronary artery disease, Cx, circumflex artery, LAD, left anterior descending artery; N, no ST depression on exercise 
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Characteristics of left ventricular filling in coronary artery disease 


Figure! Mean 
percentage change and 
standard error of both 
early and atrial filling 
velocities during the study 
period. The stippled box is 
the first infusion of 
dipyridamole and the 
hatched box 1s the second 
infusion of dipyridamole. 
PFVA, peak flow velocity 
of atrial filling wave; 
PFVE, peak flow velocity 
of early fillmg wave. 


values. Differences between the two groups 
were not statistically significant. 


ANALYSIS OF DATA 

The peak flow velocities of both the early and 
atrial filling waves were measured by one 
observer using commercial software. The mean 
of three consecutive cardiac cycles was taken of 
the early and atrial filling indices for each of the 
one minute interval recordings. The mean 
velocities of the five minute preinfusion period 
were taken as baseline measurements. To allow 
direct comparison between individuals and 
between groups we used the percentage change 
of both early and atrial peak flow velocities from 
baseline measurements in the analysis of the 
data. 

The 12 lead electrocardiograms were read by 
one observer and ST segment depression of 
greater than 1 mm in the chest or limb leads 
compared with baseline recordings was regar- 
ded as electrocardiographic evidence of 
myocardial ischaemia. 


REPRODUCIBILITY OF MEASUREMENTS 

To determine the reproducibility of the 
measurements of both peak early and atrial 
velocities, the original observer analysed 12 one 
minute interval recordings from 12 of the 
Doppler studies on two separate occasions. A 
linear correlation was calculated for the paired 
observations and the coefficient of variance was 
used to determine the intraobserver variation. 


STATISTICAL ANALYSIS 

All results were expressed as mean (1 SD). We 
used Student's two tailed ż test (unpaired) to 
test the differences between groups; a p value 
<0-05 was regarded as significant. 
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Results 

CLINICAL RESPONSE 

None of the controls (group 1) developed chest 
pain or electrocardiographic change during 
infusion of dipyridamole. Nor did 12 of the 21 
patients with coronary artery disease (group 2). 
Nine of 21 patients (group 3) developed 
significant ST segment depression typical of 
myocardial ischaemia and, of these, six 
experienced their typical chest pain usually 
associated with effort. No patient had chest pain 
without electrocardiographic changes during 
dipyridamole infusion. 


LEFT VENTRICULAR FILLING CHARACTERISTICS 
The results of the Doppler study were analysed 
for left ventricular filling changes during 
infusion of dipyridamole. Figure 1A shows the 
effect of dipyridamole on left ventricular filling 
in group 1. In general there was an initial rapid 
increase in both peak early and atrial filling 
velocities with a maximum change in both 
velocities shortly after the first infusion of 
dipyridamole. The peak velocities then 
gradually decreased but did not reach baseline 
values at the end of the study period. 

In most of the patients in group 2 the changes 
in both early and atrial filling velocities were 
similar to the changes in group 1. However, 
filling velocity changes reached a maximum 
after the second infusion of dipyridamole (Fig 
1B). Patients in group 3 had two different left 
ventricular filling characteristics. Six ofthenine 
patients (group 3A) showed a reduced maxi- 
mum change in both early and atrial filling 
velocities compared with most of the patients ın 
groups 1 and 2 (Fig 1C). The remaining three 
patients (group 3B) had a decrease in maximum 
change in early filling velocity accompanied by 
an increase in atrial filling velocity (Fig 1D). 
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Table2 Maximum filling velocities 
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% HR % BP E, (cms) E, (mjs) 96 E A, (em|s) A, (cm[s) % A BIA, BIA, % ELA 
Group 1 
I 19 39 31 48 55 56 72 30 0 56 067 18 
2 28 6 70 88 25 45 79 75 1-56 111 41 
3 24 0 45 51 15 67 80 20 067 0 64 —4 
4 25 3 60 76 26 78 85 9 078 09 15 
5 37 4 59 77 30 60 89 29 098 0-78 20 
Group 2 
1 40 17 72 91 27 63 82 29 113 10 —11 
2 21 16 46 68 47 58 81 39 073 084 15 
3 11 6 28 35 24 44 56 27 062 062 0 
4 21 0 43 67 51 56 84 49 076 08 5 
5 7 13 50 62 24 66 77 16 075 08 6 
6 35 0 50 79 59 56 80 42 0 89 10 12 
7 12 36 46 62 34 59 71 22 0 78 087 11 
8 12 3 50 55 8 63 58 -17 081 095 17 
9 15 0 38 59 54 49 59 21 078 10 28 
10 17 19 58 69 20 72 75 3 08 093 16 
li 25 il 37 59 62 Ti 98 21 0-47 06 28 
12 32 10 62 78 26 59 79 34 104 098 —5 
Group 3A 
1 19 22 45 50 11 37 33 —1l 12 15 25 
2 28 13 47 52 10 85 81 —4 056 0 64 14 
3 21 36 47 64 37 54 66 23 087 097 11 
4 2 24 45 58 29 88 82 —8 055 066 20 
5 18 12 41 47 9 74 73 —1 0-56 0 65 16 
6 Il 24 51 56 9 62 62 0 083 093 12 
Group 3B 
1 5 6 78 58 —25 52 54 4 152 108 —29 
2 21 12 79 63 —20 31 36 16 255 1-74 —32 
3 24 13 92 79 ~14 36 52 44 254° 152 —40 


% HR, maximum percentage increase in heart rate, % BP, maximum percentage 
early fillung velocity; A,, baseline atrial filling velocity ; EJA baseline ratio of early and atrial filling velocines, 
JA,» maximum ratio of early and atrial filhng velocities; 9 


filling velocity, Am maximum atrial filling velocity, 
percentage change from baseline 


INTRAOBSERVER VARIABILITY OF DOPPLER 
MEASUREMENTS 

There was a strong linear correlation for 
repeated measurements of peak early and filling 
velocities (°? = 0:99 and rf = 0-98 
respectively). The intraobserver variation for 
repeated measurements gave a coefficient of 
variance of 1-2% for peak early velocity and 
1-4% for peak atrial velocity. 


DOPPLER ANALYSIS AND CHANGES DURING 
MYOCARDIAL ISCHAEMIA 

Table 2 shows the individual values for the 
haemodynamic changes during dipyridamole 
infusion and the early and atrial filling velocities 
and the E/A ratio at baseline and when the 
maximum early filling velocity was achieved in 
the study population. 

The percentage change in early filling 
velocity in group 1 and group 2 patients (30-2 
(15) and 36-8 (18) respectively) was significantly 
higher than in group 2A patients (18:5 (12); 
p « 0:05) and all these values were significantly 
different from the value in group 3B (—19-7 
(55); p « 0-01). The percentage increase in 
atrial filling was similar in group 1, group 2, and 
group 3B patients (32-6 (25), 25-2 (15 9), and 
21:3 (20:5)) and all were higher than in the 
group 3A patients (— 0-2 (12 1); p < 0-05). The 
percentage change in E/A ratio in group 3B 
(—33:3 (5-7) was significantly lower than in 
group 1, group 2, and group 3A patients (18 
(16), 10:2 (11-9), and 16-3 (5:35 p « 0-01) 
(fig 2). 


Discussion 
Left ventricular filling is a complex process that 


decrease in systolic blood pressure; D bas ed 
3p yi % A, "Ue EN 


1s governed by several interdependent varia- 
bles. Theoretically it is regulated by the 
atrioventricular pressure difference generated 
by the elastic recoil of the left ventricle in 
diastole. The use of transmitral Doppler 
ultrasound to measure peak filling velocities, 
which are directly proportional to the atrio- 
ventricular difference, therefore allows non- 
invasive assessment of left ventricular filling.” 
The atrioventricular pressure difference, 
however, is influenced by left atrial pressure, 
rate of relaxation, left ventricular end systolic 
volume, and left ventricular and left atrial 
compliance’*"* and therefore its usefulness as 
an index of diastolic function is thus dependent 
on the interpretation of these factors. 

We studied the effects of dipyridamole 
infusion on left ventricular filling in controls 
and patients with coronary artery disease. 
Dipyridamole is known significantly to increase 
coronary blood flow and to provoke myocardial 
ischaemia mainly by a mechanism of coronary 
steal but also by slightly increasing myocardial 
oxygen consumption.” In the controls (group 
1) the increased coronary flow induced by 
dipyridamole increased both early and atrial 
filling velocities. The concept that increased left 
ventricular filling velocities correlate to an 
increase in coronary flow accords with previous 
studies that showed similar favourable changes 
when coronary flow was improved to normal 
values by either aortocoronary artery bypass 
grafts! or successful coronary angioplasty." 

The increase in early filling velocities con- 
sequent upon increased coronary flow in the 
controls can be explained by the haemo- 
dynamic events that take place during 
dipyridamole infusion. Picano et al showed that 
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during dipyridamole infusion both left ven- 
tricular contractility (positive dP/dt) and left 
ventricular relaxation (negative dP/dt) are 
increased whereas’ right ventricular pressures 
remain the same.'? The overall effect is that left 
ventricular relaxation is faster and more com- 
plete; this enhances the atrioventricular pres- 
sure difference and consequently increases the 
early peak filling velocity. — ^ + 

In patients with coronary artery disease the 
left ventricular filling response fell into three 
broadly based categories. These categories 
represented a continuum from a normal res- 
ponse to a severe disturbance of left ventricular 
filling. The first resembled that in the controls 
and occurred in patients who did not develop 
electrocardiographic changes of myocardial 
ischaemia (group 2). In these patients there was 
a large increase in both early and atrial filling 
velocities. The second response occurred in 
six of the nine patients (group 3A) with 
dipyridamole provoked myocardial ischaemia. 
In this group most of the patients had a reduced 
but still positive change in maximum early 
filling velocity compared with the controls. 
This finding might suggest that these patients 
initially increased their coronary blood flow and 
that after the onset of myocardial ischaemia a 
decrease in the atrioventricular pressure dif- 
ference limited any further rise in the early 
peak flow velocity. This hypothesis is supported 
by earlier studies which showed that during 
myocardial ischaemia the rate of relaxation 
(tau) is prolonged and because this also affects 


the atrioventricular pressure difference, peak 


flow velocity falls.” ” The reduced atrial filling 
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Figure 2 Percentage.change of.early filling velocity (A), 
atrial filling velocity ( B), and EJA ratto (C) from 
baseline to the time maximum early filling velocity was 
achieved ın group 1, group 2, group 3A, and group 3B 
patients The open symbols are individual data points and 
the solid symbols are the mean values for each group 


velocities in these patients may be due to a 
failure of the normal atrial compensatory 
mechanism to maintain stroke volume in the 
presence of a reduced early peak filling rate and 
therefore possibly a reflection of decreased left 
atrial or left ventricular compliance or both. 
The third response was that observed in 
patients of group 3B, in whom the early filling 
velocity decreased despite a theoretical increase 
in coronary flow during dipyridamole infusion. 


` These patients seem to represent a group who 


develop more pronounced myocardial 
ischaemia and have a similar response to that 
seen when coronary vessels are occluded 


. during balloon angioplasty.’ 


In the study from Lattanzi and coworkers 
similar changes were seen 1n transmitral flow 
velocities ın patients with coronary artery 
disease who developed regional wall motion 
abnormalities during infusion of di- 
pyridamole.” However, using a lower dose of 
dipyridamole, Grayburn et al were unable to 
record any differences in left ventricular filling 
for patients with coronary artery disease des- 
pite the documentation of dipyridamole 
induced thallium defects.” This group, 
however, only obtained one measurement of 
the transmitral flow velocities at an arbitrary 
time after dipyridamole infusion. 

Despite the significant differences in left ven- 
tricular filling velocities between patients who 
did develop myocardial ischaemia and those 
who did not, there was some overlap between 
these groups. This implies that in individual 
patients, changes in left ventricular filling 
velocities during dipyridamole infusion could 
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not with certainty predict whether myocardial 
ischaemia had occurred. If an earlier and more 
sensitive marker of myocardial ischaemia such 
as echocardiographic assessment of regional 
wall motion^* ^ had been used, however, it is 
possible that myocardial ischaemia may have 
occurred in some of the patients in whom ST 
segment depression did not develop (patients 8 
and 10, group 2, table 2) but who had similar 
left ventricular filling velocities to patients who 
did (group 3A). 


LIMITATIONS OF THE STUDY 

'Though no significant difference was seen in 
the haemodynamic changes produced by the 
infusion of dipyridamole in the two study 
groups, there was considerable variation bet- 
ween the subgroups particularly with respect to 
the blood pressure response and this might 
account for the observed changes in left ven- 
tricular filling. The effects of an acute reduction 
in blood pressure on left ventricular filling in 
patients with coronary artery disease has not 
been studied but indirect evidence from several 
investigators showed that reducing blood 
pressure in hypertensive patients? or acutely 
increasing blood pressure in normal 
individuals” had no effect on Doppler indices 
of left ventricular filling. 

Another limitation of the study was that 
further valuable information derived from both 
the early and atrial filling waveforms could not 
be accurately analysed because the increase in 
heart rate induced by dipyridamole caused the 
waveforms to merge. The flow velocity integral 
gives a reliable estimate of cardiac output” and 
would have given valuable information in our 
patients on whether total cardiac output or 
the relative proportions of early and late 
transmitral volume flow were altered by 
dipyridamole infusion. The deceleration time 
of the early filling wave is known to be increased 
in patients with coronary artery disease” and 
may have further increased during myocardial 
ischaemia. However, even with these limita- 
tions we obtained useful information from peak 
flow velocities of both early and atrial filling 
waves during dipyridamole infusion which 
could not be obtained during exercise because 
the heart rates required to provoke myocardial 
ischaemia would have precluded even the 
measurements of peak flow velocities. 

In conclusion, our study showed that 
dipyridamole increased the left ventricular fill- 
ing velocities in the controls. In those patients 
who developed myocardial ischaemia, two 
distinct responses were seen which may be 
attributed either to the degree of myocardial 
ischaemia or to different haemodynamic 
changes occurring during myocardial 
ischaemia. 
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surgical repair of aortic coarctation 
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Abstract 

Objective—To study early and late 
mortality after surgical correction of 
coarctation of the aorta. 

Design—Data on 223 patients operated 
on at the Westminster Hospital, London, 
between 1946 and 1981, were collected 
and updated by questionnaire. 

Participants—All 223 patients recor- 

ded as undergoing operation for aortic 
coarctation up to the end of 1981. Fifteen 
of 197 survivors were lost to follow up; 
most of them were patients from over- 
seas. 
Outcome and results—The early mor- 
tality (within one month of operation) 
was 12% overall, 2:696 for elective sur- 
gery, and 0% for the 77 patients under- 
going surgery since 1968. Survivors were 
followed up for a total of 3288 patient 
years; in 27 follow up lasted more than 30 
years. In a few it reached 40 years. 
Twenty two patients died during this 
period, 18 from causes that could be 
attributed to coarctation or its repair. 
Mortality was highest more than 20 
years after the operation. 

Conclusion—Repair increased life 
expectancy in patients with aortic coarc- 
tation. Late problems caused by persis- 
tent hypertension or  recoarctation 
became apparent in long term survivors. 
The increased risk of late mortality 
associated with the duration of 
preoperative hypertension was not stat- 
istically significant. There were no deaths 
from cerebrovascular accidents. (In an 
earlier necropsy series cerebrovascular 
accidents accounted for 11:8% of deaths.) 
The incidence of deaths from aneurysms 
resembled that in the earlier necropsy 
series. 


Operations to correct coarctation of the aorta 
have been carried: out since 1944.'? The 
earliest correction in the United Kingdom was 
performed by Sir Clement Price Thomas at 
Westminster Hospital in London in 1946. We 
have assessed the survival of patients who had 
the operation at Westminster Hospital since 
1946. 
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Patients and methods 

Between 1946 and 1981 223 patients with 
coarctation of the aorta were operated on at 
Westminster Hospital. Details of these 


patients were extracted from their discharge 
summaries and operation notes and from 
necropsy reports where available. Those who 
survived the operation were followed up to 
assess their present condition. Some of these 
patients had been followed up for up to 40 
years and so the series gives valuable informa- 
tion about long term mortality and morbidity 
in patients who have had surgical correction 
of congenital coarctation of the aorta. 

Of the original 223 patients, 156 (70%) 
were male. Thirty one (14%) were less than 
one year old at operation, a further 39 (17%) 
were 1 to 5, and 85 (38%) were aged from 5 to 
15. Of the remaining 68, 15 (7%) were over 
the age of 30; the oldest was 48. Hypertension 
was common; about half the patients had a 
preoperative systolic blood pressure of 
2160 mm Hg. Forty patients had had a 
period of heart failure. Some patients had 
associated lesions—notably, 10 had a 
ventricular septal defect and 31 a ductus 
arteriosus of whom seven also had a ven- 
tricular septal defect. In most patients the 
coarctation was postductal, but in 14 patients 
the coarctation was described as preductal and 
in 23 as juxtaductal. 

The most common surgical technique was 
resection of the coarctation with end-to-end 
anastomosis. No record of the use of a Dacron 
patch was found. The subclavian flap 
technique was increasingly used from 1974. 
Pulmonary artery banding was also carried 
out on eight patients presenting with complex 
lesions in infancy, and where there was a 
ductus this was ligated. Only two patients 
who had pulmonary banding as part of their 
treatment survived—one with established 
pulmonary vascular disease despite the band, 
and the other, who was treated for ventricular 
septal defect with double aortic arch and coar- 
ctation, was well when last seen (debanded 
with the ventricular septal defect closed) but 
with some evidence of recoarctation six years 
after operation. No neurological complica- 
tions were seen. 

The total follow up time was 3288 patient 
years. The length of follow up ranged from 
one month to 40 years, with 107 patients 
being followed up for over 15 years and 27 for 
more than 30 years. 


Results 

OPERATIVE SURVIVAL 

For the purposes of this analysis the patients 
were divided into those who had an elective 
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Table 1 Ages at operation 
Data Electrve Comphcated 
Total 189 34 
Average age at operation 12 yr 6 math 
1 mnth-48 yr 7 days-4 yr 
Median age 8 yr 9 mnth 15 mnth 
Died <1 day 3(1 6%) 15 (40 5%) 
Died «1 month 5 (2 6%) 21 (61 8%) 
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of the patients who had elective operation 
were alive 30 days afterwards. 

Nearly all (91%) of the operations were 
performed -between the early 1950s and the 
late 1970s—all of the "complicated" cases 
were. operated on before 1980. The patients 
who were operated on before the 1960s tended 
to be older (fig 2). T'here was no obvious trend 
in operative survival over the decades (table 
2); however, between 1968 and the end of the 
study period there were no early postoperative 
deaths among the 77 patients who had elective 
operations. Of the five deaths among 112 
patients who had elective operations up to 
1968, three were operated on before 1950. 


LONG TERM RESULTS.OF REPAIR 

Fifteen of .the ‘197 -patients known to have 
survived the operation were lost to follow up on 
discharge from hospital and were excluded 
from the analysis. Most of these were patients 
referred from abroad who returned to their 
homes after operation. Figure 3 shows all 
patients according to age at first operation. 
Twenty two of the 197 survivors died during 
the follow up. Five of these deaths were 
unrelated to:coarctatiof or its repair. One 
patient died aged 5 from acute laryngotra- 
cheitis, three patients died from malignant 
neoplasms, and one drowned' in a sailing 
accident; the last four all died after the age of 35 
and bad survived over 18 years since the repair 
of their coarctations. 

The other 17 deaths could be attributed to 
coarctation, associated abnormalities, or the 
repair. All these patients had had end-to-end 
anastomoses. Table 3 summarises the age at 
operation, age at death; and underlying clinical 
cause of death in these patients. Five deaths 
were related to persistent. coarctation; two of 
these patients died during further operations. 
Three other patients did not survive to the age 
of 20: one died aged 4 of septicaemia caused by 


> acute bacterial endocarditis on a congenitally 


operation (189 patients) and those who 
required emergency or more immediate 
operation because of complicating factors 
including resistant heart failure, ductus 
arteriosus, or ventricular septal defect (34 
patients). Patients were considered to have 
survived the operation and its immediate 
effects if they were alive 30 days from the date 
of operation (table 1). 

Figure 1 shows the survival from operation 
by age at operation for the two categories. The 
mean age at operation was much less for the 
complicated cases; these operations were often 
emergencies performed on very young infants 
in severe heart failure, many of whom did not 
survive the operation. In contrast, over 97% 


Table 2 Early mortality by year operation 


bicuspid valve (necropsy showed that the 
operation site was uninfected), one died aged 
18 from congestive cardiac failure, and one at 
the age of 19 from an aneurysm related aortic- 
oesophageal fistula. There were five further 
deaths from aortic aneurysms. According to the 
reports, none of these was related to the opera- 
tion site: one occurred in the arch of the aorta; 
two in the ascending aorta; and the exact site 
was not specified in the remaining two patients. 
There were four deaths from congestive 
cardiac failure. Ventricular fibrillation caused 
death in a patient who had already had a short 
previous attack in the absence of any apparent 
cause. There were no deaths from cerebro- 
vascular accidents. 











Elective Complicated 

Year of operation Number Number (9$) died within 30 days Number Number (926) died within 30 days 
1946—49 17 3 (17 6) 0 0 (0) 

1950-59 55 1 (18) 3 1 (33 3) 

1960-69 56 1 ü 8) 18 13 (72 2) 

1970-79 55 0 (0) 13 7(538) 

1980-81 6 0 (0) 0 0 (0) 

Total 189 5 (26) 34 21 (61 7) 
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No of patients 





Fquure 3 Cases by age at first operation. 


Figure4 (A) Long term 
survival m all cases, 
excluding perioperative 
deaths and (B) 
cumulative hazard 1n all 
cases, excluding 
perioperative deaths. 


Proportiori surviving 


The five patients who died from causes 
unrelated to their coarctation were considered 
as having left the study on their date of death. 
Figure 4 shows the survival and cumulative 
hazard functions: 3-8% died in the 10 years 
after the repair of their coarctation, 4-195 died 
between 10 and 20 years after the operation, 
and 9:2% died in the 10 years after that; 
thereafter mortality decreased. Only 27 people 
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in the study were followed up for 30 years or 
more. It seems that even when general 
mortality was taken into account, the risk of 
dying from the effect of coarctation increased 
with the interval since operation. Only patients 
operated on before 1969 were followed up over 
20 years, so the increase in mortality 20 years 
after operation might have been caused by 
problems with the early operative technique. 
But, because mortality by decade of operation 
showed no decline 10 and 15 years after opera- 
tion, this seems unlikely. 


FACTORS AFFECTING LONG TERM SURVIVAL 

Age at operation 

The patients were divided into three groups 
according to their age at operation—aged 4 
years and under (56 cases), 5-14 years (76 
cases) and 215 years (50 cases). Figure 5 
shows plots of the Kaplan-Meier survival 
curves for each group. T'here was no statis- 
tically significant difference at the 005 
probability level (when an approximation to 
Cox's F test was used) in long term survival 
between the groups, though a longer period of 
follow up might well indicate which age group 
fared the best. The best 20 year postoperative 
survival in our study was achieved by the 0—4 


Table 3 Information on 17 deaths related to cardiovascular disease 





Ventricular fibrillanon (previous pode of VE—no other abnormalities apparent before fatal recurrence) 


Age at Age at 
operano death 
yr) (yr) Causes of death 

1 6wk 5 Died during operation to correct recoarctation of aorta 

2 3mth 1l Died durmg operation to correct recoarctanon of aorta 

3 4mth 5 Sepucsemia, acute bacterial endocarditis 

4 1 22 Recurrent coarctation of aorta 

5.5 19 Aortic-oesophageal fistula (presumed ancurysm—details unavailable) 

6 5 30 Congestive carchac failure 

7 7 20 

8 10 33 Ruptured aortic aneurysm, persistent coarctation 

9 11 22 Acute heart failure, aortic incompetence, persistent coarctation 
10 11 18 Congestive cardiac failure 
11 18 24 Ruptured aortic aneurysm 
12 25 57 Aortic aneurysm, gross aortic incompetence 
13 29 36 Co: ive cardiac failure, aortic mcompetence 
14 30 41 Aordc aneurysm 
15 30 40 Ruptured aortic 
16 31 53 cardiac failure, aortic stenosis, bacterial endocarditis 
17 48 69 Congestive cardiac failure 





All except patient 2 had end-to-end anastomosis The coarctation site was considered sausfactory or not mentoned m the 


necropsy report, unless otherwise stated. 


1.00 
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Figure 5. Long term 
survtval by age at 


operation, excluding 
perioperative deaths 
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age group. Thirty year survival was similar for 
all three age groups; because of the small 
number of patients (27) who have been foll- 
owed up for 30 years this finding is not very 
reliable. 




















Unrepaired coarctation `. 
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Figure 7 Comparative survival, excluding deaths in first year of life. 
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Hypertension 

Figure 6 shows survival according to blood 
pressure at operation. Four of the 76 patients 
who had a systolic blood pressure of 
<160 mm Hg before the operation died in the 
follow up period compared with 10 of the 80 
patients with a systolic blood pressure of 
2160 mm Hg; however, this was not statis- 
tically significant at the 0-05 probability level. 
Figure 6 also shows the survival of patients who. 
had a systolic blood pressure of > 160 mm Hg 
and were aged 715 when they were operated 
on. Though they had had prolonged pre- 
operative hypertension, their late mortality was 
no higher than in other groups, and their 30 
year survival was better than those with a 
preoperative blood pressure of «160 mm Hg. 
For 26 patients we had no record of pre- 
operative blood pressure. 


OVERALL SURVIVAL 

In 1970 Campbell estimated the mortality 
among patients who had coarctation of the 
aorta without surgical intervention.' Figure 7 
shows the proportion surviving plotted against 
age for his set of patients and the results from 
the present study and normal mortality in tbe 
general population of England and Wales.? The 
results of our study are presented as an 
actuarial survival plot of the proportion surviv- 
ing to reach each age, taking into account all 
deaths, whether perioperative or late unrelated 
to the coarctation. In all the plots, deaths under 
] year of age are excluded, because this is how 
Campbell calculated his figures. This plot 
showed that our patients survived longer than 
those with an unrepaired coarctation but not as 
long as the general population. 


Discussion 

Operative mortality for elective repair of coarc- 
tation of the aorta is low**—3% in our series of 
patients (0% since 1968). Without correction, ` 
the mean life expectancy of those with 
unoperated coarctation of the aorta is 35 years.! 
Correction of the coarctation has been shown 
by this and many other studies? ? to increase 
life expectancy. 

Repair of aortic coarctation has been carried 
out since 1944? As more patients enter their 
second, third, and fourth postoperative 
decades, problems associated with their coarc- 
tation and its repair are now becoming evident. 
Many studies have shown significant late mor- 
tality,*???!? the rate being generally more than 
10% when follow up exceeds 10 years. Some of 
our patients were followed up for 40 years and 
they included some of those who had the 
earliest operations for coarctation repair. The 
increase in mortality among these patients in 
the third decade after operation is worrying; 
Presbitero et a] whose postoperative follow up 
ranged from 15 years to 30 years reported 
similar findings." So far, very few patients have 
been followed up into their fourth post- 
operative decade (27 in this series) and it is 
difficult to give a longer term prognosis, but it 
seems likely that problems caused by recoarcta- 
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tion, vascular disease, and persistent hyperten- 
sion will only increase with increasing age and 
time after operation. 

Hypertension and vascular disease cause 
most of the morbidity and mortality associated 
with advancing age in patients with coarcta- 
tion. Our results suggested an association bet- 
ween preoperative hypertension and an 
increased risk of later mortality. Others found 
that the younger the age at operation the greater 
the postoperative reduction in blood pressure"! 
with late hypertension being more common 
when the operation was delayed until after the 
age of 20.° Maron et al suggested that the 
duration of preoperative hypertension is an 
important factor, with prolonged preoperative 
hypertension and operation after age 25 
increasing the risk of premature cardiovascular 
death. In our series 23 patients, with a 
preoperative blood pressure 2160 mm Hg 
systolic were operated on after age of 20 and 
survived the operation; all of them are still alive 
and have survived an average of over 20 years. 
These findings endorse Liberthson et al’s view 
that repair should not be denied on the basis of 
age or longstanding hypertension." 

'The duration and severity of hypertension 
are also likely to be important factors in 
aneurysm formation remote from the repair 
site. Table 3 shows that in five of the six deaths 
related to aneurysms there had been exposure 
to hypertension and coarctation for more than 
30 years in three, 25 years in one, and 18 years 
in two. Proximal distension, limited only by the 
degree and rate of development of collaterals, 
could be an equally damaging factor. Dissect- 
ing aneurysm of the ascending aorta caused late 
postoperative deaths in four patients and was 
detected in vivo in a further four of 343 
survivors reported by Forfang et al.” In these 
patients surgical relief of coarctation occurred 
at age 9 (one) and at age 15-48 in the remainder. 
Aneurysm related to the repair patch is another 
hazard, discussed among others by Koller et 
al.* In the pre-surgical era, necropsy studies 
showed death from aneurysm rupture in 17:194 
of 304 patients with coarctation reported by 
Abbott” and Reifenstein et al.! In our series, 
we found an even higher proportion of deaths 
related to aneurysm (2796), whereas so far 
there have been no deaths from cerebrovas- 
cular accidents, which accounted for 11:896 in 
the earlier necropsy series." ! Relief of disten- 
sion of the upper vascular segment and of 
hypertension. after operation may be the 
reason; none the less aneurysm formation has 
persisted. 

The desire to operate at an early age to 
reduce the risk of persistent hypertension and 
its associated problems must be balanced 
against the fact that residual and recurrent 
coarctation of the aorta are more common when 
the operation is undertaken in young 
patients?! though not necessarily with a 
worse outcome.'? Of the five late deaths in our 
series in which persistent coarctation was a 
contributory cause, three occurred in patients 
who had their initial operation at the age of 1 or 
less. 

It was hoped that subclavian flap arterio- 
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plasty’’ for the repair of coarctations would 
reduce recoarctation in infants. But this has not 
proved to be so. It seems that it is best to 
operate at the earliest age that gives the best 
results in the unit in which the operation is 
performed. 

Doppler techniques," '® angiography, or 
magnetic resonance imaging? can be used to 
show recoarctation of the aorta and other 
circulatory problems. Balloon dilatation may 
provide relief, and aneurysms can be mon- 
itored and operated on if indicated. These 
techniques mean that we can now do a more 
sensitive analysis than one based solely on 
mortality. It wil then be possible to take 
prophylactic action to prevent further mor- 
bidity caused by recoarctation of the aorta, 
associated conditions, or problems associated 
with hypertension. 

Additional work in progress shows that 80% 
of patients contacted claim to have experienced 
no symptoms or worsening in their quality of 
life after coarctation repair; yet many of the 
patients we re-examined 20-- years after 
operation were hypertensive despite absence of 
recoarctation. These data will be submitted for 
publication in due course. 


We thank the Garfield Weston Trust for providing the funds to 
start this project; the Department of Child Health, Westminster 
Children’s Hospital, for help with administration, Miss Clare 
Jenkins and Dr Kevin Walsh (former Garfield Weston Research 
fellow) who helped with much of the early work, and Miss Joan 
Smith and Mrs Dorothy Taylor for backup for the study We 
also thank Dr David Preston for his advice Most of the patients 
included in this study were operated on by Mr Charles Drew and 
his team. Mr Drew was appointed to the staff of Westminster 
Hospital in 1951 and undertook much pioneering work on 
congenital heart disease He died in May 1987 
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Addendum 

A further investigation into present state is 
underway. So far information is limited, but 
68(80%) of the 85 survivors who were contac- 
ted because they had survived for 20 years or 
more consider themselves to be free of symp- 
toms. Of the remaining 17 patients, 11 said they 
experienced some shortness of breath on exer- 
cise, such as running upstairs, five on more 
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restricted exercise when walking upstairs, and 
only one when walking on the level. 

So far, 22 patients have been reinvestigated 
20—38 years after operation (mean 29) presently 
aged 21—51 years (mean 45) with age at opera- 
tion being 1 month-45 years (mean 2 years). 
Blood systolic pressure readings (mm Hg) 
were as follows: > 160 in two; > 150 in four; 
140 in three. Diastolic pressures were 
> 90 mm Hg in eight. 

Doppler assessment of the coarctation site 
showed velocities indicative of a gradient of 
between 0 and 30 mm Hg (mean 8:75 mm Hg). 
One patient had had a further operation for 
recoarctation, and two had had aortic valve 
replacement. So far no patients have had 
important aortic valve gradients. 

Further follow up work is in progress, but it 
seems that recoarctation is not primarily res- 
ponsible for most of the late hypertension. 
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In vitro balloon dilatation of mitral valve stenosis: 
the importance of subvalvar involvement as a 
cause of mitral valve insufficiency 


AS Sadee, A E Becker 


Abstract” 
To investigate "the mechanism that 


increases the-orifice "area of the mitral 


„valve during. balloon dilatation 43 sur- 
"gically excised intact: rheumatic mitral 
valves were studied. -The main path- 
ological feütures were (a) fibrósis of 
mitral valve leaflets and commissures (10 
valves);-(b) fibrosis with calcification"of . 
oné -commissure (eight. .anterolateral, 


commissures along their natural planes; this 
effect was confirmed by cross sectional echocar- 
diography.’ In vitro analysis of the effects of 
balloon dilatation in surgically excised for- 
malin fixed mitral valves also showed that 
splitting at the commissures, including those 
that were heavily calcified, was the prime 
mechanism.°*” 

-The initial success of commissurotomy of 


. rheumatic mitral valve stenosis, in which the 


seven posteromedial); (c) fibrosis with - aim is also to open up fused commissures, was 


calcification of both commissures (seven. 
valves); and. (d) predominant: involve- 


“lower in calcified valves and valves with 
‘subvalvar involvement. Also restenosis 


ment. of the subvalvar apparatus_-(11 appeared sooner and mitral valve insufficiency 


valves). 
photography and radiography before 
and after.balloon dilatation (balloons up 
to 38 mm (bifoil.2 x 19 mm) and pres- 
sures up to 4 atmospheres). The valve 
was dilated in-stages under direct.visual 
control by balloons of increasing 


diameter. Splitting of the fused commis-.. 


sures was the most common mode of: 


widening the orifice. However, the mitral -; 
valve leaflets were torn in two fibrotic | 


valves and in six valves with extensive 
involvement of the subvalvar apparatus. 
In the fibrotic valves:(group (a)) the tear 
originated near the valve perimeter, at 
the thinnest part of the remaining valve 
leaflet. In the valves with subvalvar 
involvement splitting started at the apex 
of spaces between the fused chordal 
columns and proceeded upward. 


Where there is extensive involvement ` 


of the subvalvar apparatus in rheumatic 
mitral valve disease the risk of tearing of 
the valve leaflets by balloon dilatation is 


The valves were assessed by. -became a problem, either because it increased 


in severity or because it developed as a con- 
sequence of the commissurotomy.*"' Because 
balloon dilatation is basically a comparable 
procedure it is not surprising that these draw- 
backs to the technique have recently been 
recognised in calcified mitral valves and those 
with.subvalvar involvement.’ !?-16 

In 40-50% of patients mitral valve insuf- 
ficiency developed or increased after balloon 
dilatation;.this effect was not foreseen with the 
echocardiographic grading systems used in 
earlier studies.?!" In most instances the 
mitral valve regurgitation so created is con- 
sidered to be of little haemodynamic impor- 
tance. None the less, acute severe mitral valve 
insufficiency can occasionally occur. The 
mitra] valves of all of these patients showed 


-extensive subvalvar disease and at surgery 


paracommissural tears of the valve leaflet were 
found. 8 

We found that several groups with 
rheumatic mitral valve disease can be distin- 


- guished on the basis of valve morphology. We 
' increased and this is likely to predispose: - 


investigated whether-these groups showed any 


to the development of acute valvar -differences after dilatation of the excised mitral 


insufficiency. 


The first report, by Inoue et al, of transvenous 
balloon dilatation of mitral valve stenosis in 
six patients, appeared in 1984.’ The patients 
selected for this new technique did not have 
calcifications of the mitral valve apparatus or 
signs of mitral valve insufficiency. Because of | 
good short term results and absence of major 
complications this procedure was soon used in 
patients with severe mitral valve stenosis, even 
those with calcifications and moderately severe 
mitral valve insufficiency.?? At surgical opera- 
tion Block ez al showed that an earlier per- 


. cutaneous balloon. dilatation of the' mitral 
- valve had split the fused fibrotic and calcifiéd ~ 


valves and, if so, whether any recommenda- 
tions can be made about balloon dilatation in 
vivo. 


Patients and methods 

METHODS 

We selected 43 mitral valves that were sur- 
gically excised because of rheumatic valve 
sténósis. All selected specimens had valves and 
subvalvar apparatus removed en bloc. The 
valves were fixed in 10% buffered formalin. The 
valves were classified on the basis of the main 
pathological feature: (a) a fibrotic group with 
fibrotic thickening’ of leaflets and fusion of 
commissures without calcifications; (b) a group 
with: fibrosis and caléification of éither the 


Table Summary of results 


——————————————————————A———————————————————————————————————— 











Site of tear 

Group No ALC PMC Both Leaflet 
Fibrosis 10 3 5(1 = 2 
Calcification ALC s 3 5(2 z — 
Calcification PM( 7 3(1 l 3 (3) 
Calcification both 

commissures 7 l 4 (2) 2 - 
Subvalvar 11 2 3 (1) — 6(1 
l'otal 43 12 (1 18 (6) 5(3 8(1 


ALC, anterolateral commissure; PMC, posteromedial commissure, Numbers in parentheses are 
completely disrupted valves 


anterolateral or the posteromedial commissure; 
(ce) a group with calcifications within both fused 
commissures; (d) a group showing severe 
subvalvar disease (thickened, shortened, and 
fused chordae, leading to obliteration of the 
interchordal spaces) in addition to fibrosis and 
calcification. In patients in groups (a) to (c) the 
subvalvar apparatus was not involved or only 
slightly involved. 

Photographs and radiographs were taken 


before and after dilatation. The degree of 


calcification was classified as slight, moderate, 
and severe. 


Experimental design 

The mitral valve was dilated with 8F 19 mm 
monofoil, 9F 19 mm trefoil (by placing a 
ligature around one balloon a circumference 
was obtained of 24 mm), 12F 15 mm bifoil, 9F 
12 mm trefoil, and 12F 19 mm bifoil balloon 
catheters (Schneider). The catheters were 
attached to a manometer pressure gauge 
through a Y connection. The deflated balloon 





Balloon dilatation of a fibrotic valve. The tear 


Figure 1 
started close to the valve perimeter ( asterisk) through a 
previously fused commissure and proceeded downwards. 
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was introduced from the atrial side of the valve 
and advanced halfway down the valve. 

After inflation of the smallest balloon, at a 
maximum pressure of 4 atmospheres, larger 
and larger balloons were used if no effects were 
seen. The results of this gradual increase in 
both the pressure and the balloon circum- 
ference were under direct visual control. 


Results 

The table summarises the results. In 35 out of 
43 valves dilatation resulted in a tear, which 
opened up the fused commissures, both fibrotic 
and calcified. In 11 of the 43 excised valves the 
tear led to complete disruption. This event was 
spotted instantly and its mode of origin was 
visually identified. These valves, therefore, 
were not excluded from the evaluation. Ten of 
these 11 valves were completely disrupted by a 
continuation of a commissural tear. In the 
remaining valve there was extensive subvalvar 
involvement and the tear originated distally 
within the leaflet and extended upwards into the 
valve perimeter. 

In valves with commissural calcifications no 
relation was seen between the site of the tear 
and the site of the calcification. Nor did the 
degree of calcification affect this outcome. The 
more severe the calcifications, however, the 
greater the chance of complete disruption. 
Seven of the 15 valves with severe calcifications 
were completely disrupted. Neither of the two 
moderately calcified valves was disrupted and 
only one of the remaining five slightly calcified 
valves. All the tears in the calcified valves were 





Figure 2 Balloon dilatation of a valve showing severe 

involvement of the subvalvar apparatus. The tear started 

at the apical side of the valve and proceeded upwards 
asterisk) through the valve leaflet. 


at commissural sites; none of the leaflets was 
torn. 

In eight valves a leaflet was torn—two in 
valves with fibrosis withoutcalcifications and six 
in valves with subvalvar involvement. In the 
fibrosed valves the tear always started to appear 
close to the valve perimeter at the thinnest part 
ofthe mural leaflet of the excised valve (fig 1) and 
in the group with subvalvar involvement it 
originated at the apex of spaces between the 
fused chordal columns and proceeded upward 
(fig 2). 

In the group showing subvalvar involvement 
the aortic leaflet was torn in five cases and the 
mural leaflet in one. With one exception, all 
these unwanted tears occurred between fibrotic 
columns of fused chordae (fig 2). In one only, 
the laceration occurred in a severely calcified 
leaflet. All tears, moreover, originated on the 
ventricular side of the subvalvar apparatus and 
proceeded upwards towards the valve 
perimeter. In one of these complete disruption 
occurred. Since the calcifications in this group 
were diffusely dispersed throughout the valvar 
apparatus the relation, if any, between tears 
and calcific deposits could not be determined. 


Discussion 

Previous studies of in vitro balloon dilatation of 
the mitral valve showed that the mitral valve 
orifice increased by splitting of diseased com- 
missures.?5" Our study confirmed these results. 
In the earlier studies, however, no lacerations 
were reported in the leaflets or the subvalvar 
apparatus but the type of disease affecting the 
mitral valve was not specified. 

The morphology of the rheumatic mitral 
valve when there is severe involvement of the 
subvalvar apparatus suggested to us that the 
mechanism of balloon dilatation might be dif- 
ferent and potentially dangerous. The valve 
leaflets are pulled down like a funnel so that the 
narrowed and deformed ostium is located well 
into the ventricle. The fibrosed leaflets contain 
columns of fused chordae. A balloon positioned 
and inflated in such an orifice will put pressure 
upon the walls of the ostium, which will dilate 
only when the unfortified parts tear. Because 
the chordae fuse almost randomly, tears can 
arise in the plane of a commissure or of one of 
the leaflets. The results of the present study 
accord with this theory. Of the 11 valves with.a 
severely affected subvalvar apparatus, five 
showed a commissural tear, as expected, but in 
six a leaflet was torn. Moreover, each of these 
leaflet tears originated in the apex of spaces 
between the fused chordal columns of the 
affected subvalvar apparatus and extended 
upwards towards the valve perimeter. 

Do the tears in two of the valve leaflets of the 
fibrotic group contradict our theory? In both 
instances we saw the tear starting close to the 
valve perimeter rather than in the apical parts. 
We believe that the lack of support at the 
annular level in these two valves was important. 
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In both only a small rim of the valve leaflet had 
been excised at the site of the tear. Similarly, 
the outcome may have been affected by the fact 
that all valves had been fixed in formalin. This 
may have altered the mechanical properties of 
the tissues. Nevertheless, the results obtained 
in earlier in vitro experiments with formalin 
fixed valves have been shown to mirror those 
following balloon dilatation in life.? 57 

Despite its limitations we believe that our 
study may have clinical relevance. Involvement 
of the subvalvar apparatus may increase the 
risk of laceration of the valve leaflets during 
balloon dilatation and this will lead to acute 
mitral valve regurgitation. In future clinical 
studies should be directed towards echocar- 
diographic examination of the subvalvar 
apparatus. 
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Fixed subaortic stenosis: anatomical spectrum and 


nature of progression 


Jung Yun Choi, Ian D Sullivan 


Abstract 

Retrospective echocardiographic review 
identified 58 consecutive ‘infants and 
children’ with fixed subaortic stenosis. 
Mean (SD) age at diagnosis was 4:8 (3:6) 
years (range.two days to 14-7 years), and 
diagnosis occurréd in infancy in eight. 
Associated cardiac abnormalities were 
present in. 41 (71%) whereas fixed 


subaortic stenosis was an isolated lesion. 
in 17 (29%). Four types of fixed subaortic- 


stenosis were identified: short segment 


‘(47 (81%)), long segment (7 (12%)), pos- 
- terior displacement of the infundibular 
septum with additional discrete narrow-. 


ing of the left ventricular outflow tract (3 
(5%)), and redundant tissue arising from 
the membranous septum -(1 (2%)). 
Echocardiographic studies had been per- 
formed before the diagnosis of fixed 


subaortic stenosis in nine patients, all. 


with - associated abnormalities. These 


were performed in infancy in each and . 
-showed a 
outflow tract in six: and posterior devia-- 


“normal” left ventricular 
tion of the infundibular septum in three. 
In 16 patents: serial. echocardiographic 
studies had been performed after the 
diagnosis of fixed subaortic stenosis but 


before: surgery of the left ventricular ' 


outflow tract. Rapid evolution of short 
segment to long segment narrowing was 
seen in one patient, and tethering. of the 
aortic valve or mitral valve developed in 
a further four patients. Aortic valve or 


.mitral valve involvement. was not seen: 


before the age of three years but was 
common thereafter. (10/40 patients, 
25%). 

. Fixed subaortic stenosis may be an 


. “acquired” lesion-with the potential for 


changes in form as well as. progression in 
severity- of left ventricular outflow tract 
obstruction. 


‘Fixed subaortic stenosis can occur in isolation 
‘Or in association with other structural heart 


: defects but it 1s rarely diagnosed in infancy.'? 


The subvalvar obstruction is usually a fibrous 
shelf or a long fibromuscular narrowing.*? In 
contrast, when subaortic stenosis occurs in 
infancy it is more often the result of a 
malalignment ventricular septal defect with 
posterior deviation of the outlet septum into 
the left ventricular outflow tract, usually in 
association with coarctation or interruption of 
the-aortic arch. 


Fixed subaortic stenosis progresses in 
severity and may even present as an 
“acquired? condition? The mechanism of 
progression: is unknown. Further knowledge 


.of the course would.be a. useful guide to 


optimal management, which is controversial.** 


.Cross` sectional echocardiography can define 


the nature of subaortic stenosis and can easily 
‘be repeated. Consequently, this study was 
performed to- detail the echocardiographic 
findings of subaortic stenosis at different ages 
and to identify the nature of progression on 
serial studies. 


Patients and methods 
Echocardiographic and surgical records at the 


: Hospital for Sick Children between April 


1981 and. December 1986 were reviewed. 
Fifty eight cases of subaortic stenosis with 


normal cardiac connections were diagnosed. : 


The criterion for diagnosis was.the demon- 
stration of a localised subvalvar discrete ridge 
or long segment narrowing in the left ven- 
tricular outflow tract at echocardiographic 
examination. This was confirmed by inspec- 
tion at operation or necropsy whenever possi- 
ble. Long-segment narrowing was diagnosed 
when the length of the obstruction in the left 
ventricular outflow tract was more than one 
third of the:aortic valve diameter.'? Patients 
with posterior deviation of the infundibular 
septum "were excluded unless there was 
additional discrete narrowing in the left ven- 
tricular outflow tract. Similarly, patients with 
obstruction of the left ventricular outflow 
tract caused by hypertrophic cardiomyopathy 
were excluded. Mitral valve involvement was 
diagnosed when abnormal tissue was attached 
to the anterior mitral valve leaflet which 
tethered the anterior mitral leaflet during sys- 
tole. Aortic valve involvement was diagnosed 
when abnormal tissue in the left ventricular 


outflow tract seemed to be tethered to the base 


of the aortic valve. 
All available echocardiograms performed 


‘before or after the diagnosis of subvalvar 


aortic stenosis, but before surgical procedures 
on the left ventricular outflow tract, were 
reviewed to determine sequential changes. 
The echocardiograms had been recorded on 
U-matic or VHS video tape by an ADR SC- 
2000; ATL mark 5, ATL 600, Ultramark 4, or 
Ultramark 8 machine. During the course of 
the study, operation to the left ventricular 
outflow tract was undertaken in 30/58 (52%) 
patients, twice in three of them. Five patients 


‘died and a necropsy was performed in three of 


them. 
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Anomalies associated with subaortic stenosis 


eee 


Associated anomalies 








Nature of Age at diagnosis SVMS 
subaortic range (median) + Inf ) 
stenosis n years) VSD CoallAA BAV MVS LSVC PDA PS ASD VSI pu 
Short segment 49 O1-14-7 (45 19 13 6 5 7 6 l l | 
Long segment 8 0:8-10-4 (4-0) 2 3 3 l l 2 I l 
Membranous septum 1 2 days 0 0 0 0 1 0 0 0 
APW, aortopulmonary window; ASD, atrial septal defect; AVSD, atrioventricular septal defect; BAV, bicuspid aortic valve; Coa/ TAA, coarctation or interrup 
of aortic arch; distal Ao, diffuse narrowing of distal aorta and iliac vessels; Inf PS, infundibular pulmonary stenosis; LSVC, persistent left su r iva; PI 
persistent ductus arteriosus; PVS, pulmonary valve stenosis, SVMS + MVS; supravalvar mitral stenosis with or without mitral valve stenosi 
— 
Results leaflet of the mitral valve. The extent to wh 


ASSOCIATED ANOMALIES the ridge protruded into the left 


The table shows the 
and type of subvalvar 
diagnosis ranged from 


clinical characteristics 
aortic stenosis. Age at 
two days to 14:7 years 


outflow tract varied according to the ex 
plane of the ultrasound beam in 
long axis views. The reason was apparent 


parastern 


careful parasternal short axis scans of the 
ventricular outflow tract which 


(mean 4-8 (3:6) years). There were 35 boys 
and 23 girls (sex ratio 1-5:1). Associated 


showed 


anomalies were present in 41 (71%) patients extent of the attachment of the subaort 
(table), whereas 17 (29%) had “isolated” ridge. This was sometimes confined to the left 
subaortic stenosis. Common associated ventricular aspect of the infundibular seprun 


anomalies were ventricular septal defect (21 but more often extended from the infu 
(36% )) and lesions resulting in obstruction to 
left heart flow such as coarctation or interrup- 
tion of the aortic arch (16 (28%)), bicuspid 
aortic valve (nine (16%)), or supravalvar 
mitral stenosis (six (10%)). There was a pers- 
istent left superior vena cava draining to 


coronary sinus in 9 (16%) patients. 


ot the 


dibular septum around the margin 
ventricular outflow tract to the 
of the mitral valve (fig 2) 


interior ican 


The ridge 


NATURE OF SUBAORTIC STENOSIS 

Four types of subaortic stenosis were iden- 
tified on echocardiographic review. There was 
short segment narrowing in 47 patients, long 
segment narrowing in seven patients, dis- 
placement of the infundibular seprum with 
additional discrete obstruction in three, and 
abnormal tissue with a unique appearance in 
one patient. Figure 1 shows the echocar- 
diographic findings at diagnosis of subaortic 
stenosis. 

Short segment narrowing, apparently the 
result of a fibrous ridge or localised muscular 
bulging, was usually seen in long axis views. 
In almost all cases the parasternal long axis 
allowed better visualisation of the obstructing 
tissue in the left ventricular outflow tract 
than apical or subcostal views. Tilting the 
transducer slightly to either side of the true 
parasternal long axis plane showed whether 

Figure | the fibrous ridge was attached to the anterior 
Echocardiographic 

findings at diagnosis of 
subaortic stenosis. Squares 
are patients with 
coarctation or interruption 
of the aortic arch with or 


without a ventricular 
septal defect. Circles are 


Echo 
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segment ae 
























patients with a ventricular *MV 
septal defect but without RY 
obstruction of the aortic 
arch. AV, aortic valve +MVRAV $ x 
involvement; COA, 
coarctation; DEV INF Long n e Figure 2. (A) Cross secti h 
^D g " as ^ n 4 
SEP, deviation of the segment parasternal long axts T " 
infundibular septum into DEV INF SEP subaortic stenosis tn a 2 year old t } aster 
the left ventricular outflow +SS " short axis view in the same patient s ’ 


attachment of the obstructing ridge extendi 
margins of the left ventricular ourf 1 Í 
COA or IAA anterior mitral valve leaflet so that the lumer 
SD outflow tract was reduced to a slit. The cur 
indicates the base 


tract; LAA, interruption 
of the aortic arch; LS, 
long segment; MEMB, 
membranous; MV, mitral 











MEMB 


valve involvement ; SS, septum of the anterior mitra 
short segment; V SD, 12345 6 7 8 9 10 11 12 13 14 15 16 17 anterior; AL, aortic valve leafl 1 ndir 
ventricular septal defect. Age (year) L, left; LA, left atrium; SAS, subaorti , 


IRI 


202 


Figure 3 Cross sectional 

echocardiograms 
parasternal long axis 

in à patient with 
short segment subaortit 
narrowing and mitral 
valve involvement. | A) In 
diastole the obstruction in 
the left ventricular outflow 
tract was separate from 
the aortic valve leaf'ets but 
attached to the anterior 
mitral leaflet. ( B) In 
systole the anterior mitral 

Save leaflet was pulled 
anteriorly at the site of 
attachment of the subaortic 
obstruction ( curved 
arrow). AL, aortic valve 
leaflets; LV, left ventricle; 
LA, left atrium. 


views 





Figure 4 Systolic 
parasternal long axis views 
in different patients with 
tethering of | A) righi 
coronary and (B) left 
coronary cusps of the 
aortic valve to the 
adjacent short segment 
subaortic ridge ( arrows 
RV, right ventricle. Sec 
legend to fig 3 for other 
abbreviations 


and out of the plane of the parasternal short 
axis section very quickly because of heart 
movement during the cardiac cycle; frame by 
frame analysis was necessary to assess it 
adequately. A localised ridge that did not 
affect the mitral or aortic valves was the most 
common type of subaortic stenosis; it was 
present in 37 (65%) patients (fig 1). Mitral 
valve (fig 3) or aortic valve (fig 4) involvement 
was confined to patients with short segment 
narrowing and was not seen in any patient 
aged less than 3 years (fig 1). After that age the 
aortic or mitral valve or both, were often 
affected (10/34 (30%)) in patients with short 
segment narrowing and in (10/40 (25*5)) the 
entire group (fig 1). All the patients in whom 
subaortic stenosis was diagnosed after infancy 
who had associated coarctation or interruption 
of the aortic arch had undergone previous 
repair of the arch abnormality (figs 1 and 5). 
There was long segment narrowing in seven 
12%) patients 
these had subaortic stenosis diagnosed at 10 
and 16 months of age and each had coarctation 
of the aorta without a ventricular septal 
defect. The five others were aged 5 to 13 years 


fig 1). The youngest two of 
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at diagnosis (fig 1): one had a ventricular 
septal defect and another persistence of the 
arterial duct but there were otherwise no 
additional abnormalities in these patients 

There were three patients in whom a pos- 
teriorly displaced infundibular septum was 
complicated by an additional discrete subaor- 
tic lesion (fig 1). All of these had aortic arch 
anomalies (two coarctation, one interruption). 
The patient with interruption of the aortic 
arch developed long segment narrowing in 
infancy after neonatal repair of the arch and 
ventricular septal defect closure, whereas the 
remaining two patients developed localised 
narrowing that was first apparent beyond 
infancy (fig 1). During the period of the study 
there were 12 additional patients who had 
malalignment ventricular septal defects with 
posterior deviation of the infundibular septum 
into the left ventricular outflow tract who did 
not develop additional discrete subaortic obs- 
truction. 

One infant had unusual redundant tissue 
obstructing the left ventricular outflow tract. 
Necropsy confirmed that this was fibrous tis- 
sue arising from the membranous septum. 
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Figure 5. Parasternal echocardiograms after the diagnosi 


long axis view in a 10 year tic stenosis had persistence of short segm 
old boy with long segment : : e ae A 
subaortic stenosis. See narrowing (fig 6). In one infant who 
legend to fig 2 for undergone coarctation repair there was ra 
abbreviations. evolution of short segment to long segm 
narrowing (figs 6 and 8). The long segm 


narrowing was confirmed 
Acquired valve involvement wa 
patients. Short segment narrowing cv 
include tethering of the mitra 


Ages at diagnosis of new val 
ranged from 5 to 16 years (fig ¢ 

In three patients with repaired coarcta 
short segment narrowing with aortic or 
valve involvement was diagnosed 
of age (fig 1). In another, long segment narr 
ing was diagnosed at 16 months of age (fig 
Subaortic stenosis had not been diagnose 





the time of coarctation repair in infancy 

of these patients but, because echocardiogr 

from that time were not availal 
SEQUENTIAL CHANGES changes in the shape of the left vent 


Echocardiograms had been performed before outflow tract could not be des 
the diagnosis of subaortic stenosis in nine 
(16%) patients. In six of these the left ven- 
tricular outflow tract was considered to be Discussion 
“normal” at the time of the first echocar- CLASSIFICATION OF SUBAORTIC STENOSIS 
diogram, performed in infancy in each case (fig At least nine mechanisms for subaort 
6). Each of these infants had clinically evident truction have been described Almost 
associated cardiac anomalies. Careful retro- cases, however, are examples of “fibrous 
spective review with frame by frame analysis phragm” or “fibromuscular” narrowing if ; 
showed subtle irregularity in the location in the terior displacement of the infundibular sept 
left ventricular outflow tract in two of these and hypertrophic cardiomyopathy 
patients, suggesting that very early ridge for- excluded." These categories inevitably over 
mation might have been apparent at the initial because “fibrous diaphragm" rifare tO vrbes 
study (undertaken at 3 and 4 weeks of age ing over a short but unspecified length wher 
respectively). Careful retrospective review of “fibromuscular” narrowing occurs over a | 
the echocardiograms recorded in infancy in the ger but variable length. Our classification 
remaining four patients considered to have a — subaortic lesions into short segment, long 
"normal" left ventricular outflow tract did not ment, and displaced infundibular septum v 
show any abnormality (fig 7). additional localised narrowing was ba 
The three patients with posterior dis- purely on echocardiographic appearar 
placement of the infundibular septum into the without inferring the “comps sition of 
left ventricular outflow tract who subsequently — subaortic tissue. In one infant we desc ribed 
developed additional discrete subaortic sten- unusual appearance as "aberrant tis 
osis (fig 6) have been described above. was shown at necropsy to be an 
Ten of the 14 patients who had further fibrous tissue from the membran: 
The distinction between short segment 
rowing and long segment narrowing was ba 
y Figure 6 Echo on previous work but was neverth: 
Echocardiographic arbitrary. In practice, there was little difficu 
appearances of subaortic ifon 
obstruction in patients who classifying the appearances in individual ca 
had more than one study. "Fixed subaortic stenosis" may be 
preferred term to encompass these lesions 


ssue 
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LVOT, left ventricular 
outflow tract. See legends 
to figs 1-3 for other 
abbreviations and symbols. 





PROGRESSION OF SUBAORTIC STENOSI 
Subaortic stenosis may cause progressi 





























more severe obstruction of the left ventric 
outflow tract.’ Significant obstructior 
developed even in the absence of a syst 
*«MV&AV pressure difference between left ventrick 
PE — aorta at a previous catheterisation,’’ show 
segment a that lesions can present as an icquir 
disorder that increases in haemodyna 
mg = = severity, presumably when there [ 
+85 Au me SM COA or IAA existing anatomical substrate.’ Most patient 
*LS ‘ VSD these studies’? were first seen before 


123456789101 121314 15 16. Sectional echocardiography became availal 
Age (year) We used echocardiography in an attemp 


patients) or aortic valve (two patients, figa 


284 


Figure 7. (A 
Parasternal long axis view 
in systole in a neonate with 
coarctation of the aorta 
The left ventricle was 
small but there was no 
evidence of obstruction in 
the left ventricular outflow 
tract, The arrows indicate 
the aortic valve leaflets 

B) Parasternal long axis 
view In systole in the same 
patient at age 3 years. 
Short segment subaorti 
“Mosis had developed. See 
legends to figs 3 and 4 for 
abbreviations. 


Figure 8 A 
Parasternal long axis view 
in systole in an infant aged 
6 months, showing short 
segment subaortic 
narrowing. Coarctation 
was repaired at that time. 

B) Parasternal long axis 
view in the same patient 
aged 20 months. Long 
segment subaortic stenosis 
had evolved and dysplasia 
of the mitral valve was 
evident. See legends to figs 
3 and 4 for abbreviations 


assess the anatomical range of fixed subaortic 
stenosis and the nature of its progression in a 
consecutive unselected series of infants and 
children. 

Our data confirmed that short segment narr- 
owing is by far the most common form of fixed 
subaortic stenosis and that most cases are 
associated with congenital heart defects, 
typically ventricular septal defect and obstruc- 
tive lesions of the left heart. The association 
between obstructive lesions of the left heart and 
fixed subaortic stenosis was recognised as long 
ago as 1963." Persistence of the left sided 
superior vena cava was a notable feature, which 
we found in nine (16%) of our patients. We 
previously noted a similar association between 
persistence of the left superior vena cava and 
supravalvar mitral stenosis (6/16 patients, 
38%) but not in patients with cor triatriatum 
(0/6 patients) or with congenital mitral stenosis 
without a supravalvar membrane (1/16 
patients, 6%).'*'* This suggests that persis- 
tence of the left superior vena cava with con- 
sequent enlargement of the coronary sinus may 
restrict left ventricular filling during prenatal 
life and that the diminished flow may con- 
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tribute to the development of the various 
“downstream” fixed obstructive lesions. 

The classification of the fixed subaortic 
lesion did not change in most infants and 
children in this study, but follow up before 
surgical procedures on the left ventricular 
outflow tract was short (maximum six years). 
Short segment narrowing, however, caused 
progressively more important obstruction of 
the left ventricular outflow tract.’ 

Tethering of the mitral valve or aortic valve 
or both, was not seen before the age of 3 years 
but developed or was present in most children 
(7/13, 54%) who had at least one serial assess- 
ment at age 5 years or more. The development 
of aortic regurgitation when fixed subaortic 
stenosis is present is almost certainly the result 
both of tethering of the aortic valve and the 
trauma to the valve from the turbulent ejection 
jet during left ventricular systole." 

In rare cases, however, long segment subaor- 
tic stenosis can rapidly develop in infancy. An 
infant in whom severe long segment narrowing 
developed within four months of repair of 
aortic coarctation has been reported. The left 
ventricular outflow tract had been considered 
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v 


V nori ‘on. initial . aoaea and 


angiócardiographic assessment at age 7 


: weeks.” In the two patients in this study who 
; followed a similar course after repair of coarcta- 


tion, the “substrate” in the left ventricular . 


outflow tract: was short segment narrowing in 
‘one and displacement of the infundibular sep- 
tum in the other. In two additional children, we 
saw the development. of a -localised ridge 
superimposed ona posteriorly displaced infun- 


-dibular septum after- repair ‘of coarctation in 


infancy. i . 

Consequently, the potential. for ‘changes i in 
form as well as for progression in haemodyn- 
amic severity of left ventricular outflow tract 


_obstruction exists. Reports of long segment 


subaortic stenosis described patients who were 


‘much older than those in our series,?!9!7 
. Perhaps short segment narrowing would have: 


evolved into long segment narrowing in more 
of our patients during a longer prospective 
follow up. The term "transitional" was used to 


. describe a form of subaortic stenosis inter- 


mediate between “discrete”, and. “tunnel” 
types in a study that included young adults.'? 


In infants with coarctation or’ interruption of | 


the aortic arch the left ventricular outflow tract 
is narrow even in the absence of an aortic valve 
abnormality or of a malalignment ventricular 


septal defect with posterior deviation of the. 


infundibular septum. Reduced aortic valve 


diameter and increased mitral aortic separation 


were identified in a pathological study of 
patierits with isolated subaortic stenosis." It 
was suggested that the altered flow characteris- 


‘tics in a narrow and elongated left ventricular 


outflow tract during early heart development 


could ` cause embryonic cells near the:crest of 


the ventricular septum.to accumulate ‘and later 
differentiate into a ridge or band of tissue:”* 
When subaortic stenosis occurs in association 
with a ventricular septal defect but without 


other abnormality, the obstruction in the left 


ventricular outflow tract is typically at the 
lower margin of.a perimembranous defect." 


- Maximum turbulence’ at this. site^ in’, the 


‘presence of a left to right shunt through the 


, ventricular septal defect might explain this and 


also the tendency for subaortic stenosis to be 


. especially associated with malalignment ven- 


tricülar septal defects in which there is anterior 


^^. deviation of the outlet septum!” where. the 


flow disturbance at the lower margin of a 


perimembranous defect is likely to be even. 


greater. . ` T 


CLINICAL IMPLICATIONS 
We studied infants with clinically aidan con- 


y genital heart defects. Subaortiċ, stenosis was 


seed in six young children who had had: an 


". apparently normal left ventricular outflow tract 


in infancy; this accords with the contention that 
fixed subaortic stenosis is'a lesion acquired 
because of flow disturbance in .the left ven- 
tricular outflow tract.? A ‘review -of .the 


. echocárdiographic studies to’ examine the. left 


ventricular outflow tract showed that very early 
“ridge” deyelopinent i in the outflow tract may 
have been present in two patients. A similar 
appearance was described i in an infant, but it 
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was not stated whether subaortic stenosis 


‘developed subsequently.’ 


The sequential changes that we saw emphas- 
ise the need for careful serial echocardiographic 
assessment of the left ventricular outflow tract 
in infants with other obstructive lesions of the 
left heart, especially if physical signs of left 
ventricular outflow tract obstruction might 
be obscured by coexisting abnormalities. 
Similarly, patients about to undergo ven- 
tricular septal defect closure should have a 
detailed echocardiographic assessment" tO 
detect possible incipient subaortic stenosis 
because surgical removal of any fibrous tissue 
with the potential to cause subsequent left 
ventricular outflow tract obstruction is advisa- 
ble, even when this is only an “‘echodense area 
at the crest of the ventricular septum" seen 
during preoperative echocardiographic assess- 
ment.” 

When fixed subaortic stenosis is "isolated", 
the likelihood of increasing left ventricular 
outflow tract obstruction, tethering of the aor- 
tic and mitral valves, and the risk of endocar- 
ditis argue in favour of early operation.?? 
However, recurrent or residual postoperative 
left ventricular outflow tract obstruction is an 
important complication of operation," and 
some children with fixed subaortic stenosis do 
not develop increasingly severe left ventricular 
outflow tract obstruction or other complica- 
tions during follow up for many years. Surgical 


results are probably satisfactory for at least a 


decade provided the obstruction of left ven- 
tricular outflow tract is effectively relieved at 
the initial operation.? The postoperative prog- 
nosis of patients with short segment subaortic 
stenosis was better than those with long seg- 
ment narrowing.” It might therefore be argued 
that indications for operation should include 
evidence of important or increasing left ven- 
tricular outflow tract obstruction, the develop- 
ment of mitral or aortic valve tethering, or 
evidence of possible transition from short seg- 
ment to long segment narrowing on serial 
studies. Certainly, serial echocardiographic 
assessment of the left ventricular outflow tract 
is mandatory for medical management. 
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Veratrum alkaloids 

The Veratrum species (Liliaceae) contain over 
20 alkaloids with important cardiovascular, 
neuromuscular, and respiratory actions. They 
lower the blood pressure by an unusual 
mechanism first elucidated in 1867 by A von 
Bezold. Stimulation of vagal afferent fibres in 
the left ventricle causes the vasomotor centre to 
reset homoeostatic control at a lower level and 





Veratrum viride Ait. 


Bentley R, Trimen H. Medicinal plants. vol 4. 
London: Churchill, 1880: 286. 


to reduce the peripheral vascular resistance 
through the sympathetic nervous system. 
When pure alkaloids became available they 
were shown by A E Doyle and F H Smirk 
(British Heart Journal 1953;15:439—49) and by 
others to reduce considerably the blood pres- 
sure in hypertensive patients. But toxicity, 
especially nausea and vomiting also caused by 
vagal action, made treatment difficult and their 
use stopped despite their attractive vasodilator 
mode of action. Veratrum was used in eclamp- 
sia before its pharmacology was studied. It had 
been given for mania and epilepsy early in the 
nineteenth century and prompted Dr P de L 
Baker of Eufala, Alabama, to prescribe 
Veratrum viride, the American or green 
hellebore, with success in 1859 for a lady with 
eclamotic fits. T'his was well before the associa- 
tion between eclampsia and hypertension was 
recognised. The plant and its alkaloids were 
used with good effect in toxaemia of pregnancy 
and eclampsia for the next 100 years. 

'The Veratrum species are handsome peren- 
nial plants with large pleated leaves and tall 
spikes of flowers—well worth growing in the 
garden. The two European species, V album 
and V nigrum, are common on alpine meadows. 
There are 43 other species, the best known 
being V viride and V sabadilla. The alkaloids 
come from the rhizome and root, or occasion- 
ally from the seed. Their common name, from 
antiquity, is hellebore but they are quite dif- 
ferent from the genus Helleborus—the Christ- 
mas and Lenten roses. Veratrum has always 
been known as a highly poisonous plant causing 
vomiting, substernal constriction, faintness 
with a weak pulse, convulsions, and death. In 
1985 a Frenchman made wine from it, believ- 
ing it to be gentian, and developed complete 
atrioventricular block. It is also known as a 
strong teratogen; ewes that eat it can have 
lambs with a central eye. 

Other medicinal members of the Lily family 
include those that contain cardiac glycosides, 
such as squill (Drimia maritima) and lily of the 
valley (Convallaria majalis). Colchicine is 
found in the meadow saffron (“autumn 
crocus") Colchicum autumnale while sisal 
Agave sisalana provides the starting material 
for steroid synthesis. 
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Phrenic nerve injury in infants and children 
undergoing cardiac surgery 


Q Mok, R Ross-Russell, D Mulvey, M Green, E A Shinebourne 


Abstract 
Fifty infants and 50 children less than 15 
years undergoing palliative or corrective 
cardiac surgery in the Brompton Hos- 
pital between March and October 1988 
had direct percutaneous stimulation of 
the phrenic nerve before and after 
operation. Ten patients, six under 1 year 
of age and four over, developed 
unilateral phrenic nerve injury. In those 
aged less than 1 year recovery after 
operation was prolonged because their 
diaphragmatic palsy made it difficult to 
wean them from the ventilator. Older 
children had symptoms but their rate of 
recovery did not seem to be affected by 
the phrenic nerve injury. Phrenic nerve 
damage was no more frequent after a 
lateral thoracotomy than after a median 
sternotomy. There was no significant 
association with the type of operation 
performed, the experience of the sur- 
geon, the use of bypass or topical ice, the 
duration of bypass, circulatory arrest or 
aortic cross clamping, or the age of the 
patient at the time of operation. In 
patients who had cardiopulmonary 
bypass the risk of injury was significantly 
higher in those who had undergone 
previous operation. The 10% frequency 
of phrenic nerve injury determined in 
this prospective study was higher than 
that seen in earlier retrospective reports. 
Direct percutaneous stimulation of the 
phrenic nerve can be used at the bedside 
in infants and children to facilitate early 
and accurate diagnosis of phrenic nerve 
palsy, and the results may influence early 
management. 


Phrenic nerve injury is a known complication 
of cardiac surgery’? that results in paralysis of 
the diaphragm and impairs respiratory func- 
tion. It can prolong the postoperative course. 
Such injury was found in 0-5% to 22% of 
paediatric patients in retrospective studies.*" 
In these studies the criteria for diagnosis were 
difficulty in weaning from a ventilator, a raised 
hemidiaphragm on chest radiographs, or 
decreased or paradoxical diaphragmatic 
movement on fluoroscopy. Percutaneous 
phrenic nerve stimulation is an established 
technique for assessing nerve function." The 
technique was used in two small groups of 
adult patients to measure the incidence of 
phrenic nerve injury after cardiac surgery; 
incidences of 8% and 11% were obtained. “ 


E 








This non-invasive technique was modified 
use in infants and children in the Bromp: 
Hospital in a preliminary study ^ and norn 
values have also been established (in prep 
tion). We performed a prospective study of 
100 infants and children undergoing cardiac 
surgery to determine the frequency and 
predisposing factors contributing to phrenic 
nerve injury. 





Patients and methods 

The study was approved by the hospital 
medical ethics committee and parental consent 
was obtained. We studied 100 unselected 
infants and children undergoing palliative or 
corrective surgery for congenital heart disease 
in the Brompton Hospital between March and 
October 1988. Figure 1 shows their age dis- 
tribution which ranged from 1 day to 14-5 years 
(median age 15 months). Table 1 summarises 
the diagnoses at operation, the type of opera- 
tion performed, and the number of children 
in each group. To assess phrenic nerve 
involvement phrenic nerve latency was 
measured before operation and as soon as 
possible after operation when they were no 
longer on muscle relaxants. Because the test 
could be performed while the patients were still 
on the ventilator, they were studied within 72 
hours of operation. Twenty three children had 
had a previous operation and two of them had 
pre-existing phrenic nerve injury with a 
prolonged phrenic nerve latency though both 
were symptom free when tested before the 
present operation. Measurements of normal 
phrenic nerve latency and diaphragmatic 
electromyograms during preoperative testing 
showed that all the remaining patients hac 
normal phrenic nerve function. 











METHODS 
Each phrenic nerve was stimulated per- 
cutaneously by bipolar electrodes at the pos- 
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Figure I Histogram showing age distribution of H00 
patients in the study. 


Figure 2. Equipment used 
to test phrenic nerve: nerve 
stimulator (left), bipolar 
electrode modified for use in 
paediatric patients, and 
oscilloscope for recording 
the electromyogram. 








Table 1 Classification of diagnoses and operation 
——— —————— M ———— 
Diagnosis Operation type No Total 
Transposition of great Arterial switch 9 ) 
arteries Mustard procedure 4 
Rastelli procedure 1 » 19 
Redo switch 2 
Coarct repair, PA band 2 
VSD closure 1 
Tetralogy of Fallot Total correction 8 10 
Shunt 2 
Pulmonary atresia Rastelli procedure 1 a 8 
Shunt 7 f 
Tricuspid atresia Fontan procedure 4 ì 5 
Shunt t f 
Total anomalous pulm Correction 2 
venous connection 
Ventricular septal defect VSD closure 10 
and relief RVOTO 5 >17 
and ASD closure 3. d 
Atrial septal defect ASD closure 7 
Atrioventricular septal AVSD repair 2 \ 
defect Mitral valve repair 1 
Patent ductus arteriosus PDA ligation 6 
Left ventricular outflow — Coarct repair 6 
obstruction Mitral valve repair 2 9 
Muscle resection 1 J 
Right ventricular outflow Pulmonary valvotomy 3 AES 
obstruction Muscle resection 1 Í 
Complex heart discase Enlargement VSD 2 
Shunt 5 » 10 
Coarct repair, PA band 2 
PA band 1 
Total 100 


ee 
ASD, atrial septal defect; AVSD, atrioventricular septal 
defect; Coarct, coarctation of the aorta; PA band, pulmonary 
artery band; PDA, persistent ductus arteriosus; RVOTO, right 
ventricular outflow tract obstruction; VSD, ventricular septal 
defect. 


terior border of the sternomastoid at the level of 
the upper border of the thyroid cartilage.*"' 
Square wave stimuli with a supramaximal 
current (6—45 mA) that lasted 0-1—0:2 ms were 
applied to each nerve at a frequency of 1 Hz. 
The ipsilateral diaphragmatic compound 
muscle action potential was detected by surface 
electrodes placed in the seventh intercostal 
space at the anterior axillary line. This 
electromyogram was amplified and displayed 
on the screen of an oscilloscope and recorded 
photographically. The earth electrode was 
placed just below the xiphisternum to avoid 
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disturbing the surgical dressings (figs 2 and 3). 
Occasional excitation of the brachial plexus was 
seen because the phrenic nerve lies close to the 
nerve trunks at the point of stimulation. 

The conduction time of the phrenic nerve 
was measured as the terminal latency between 
the stimulation artefact and the onset of the 
diaphragmatic muscle action potential. This 
gives a reliable assessment of phrenic nerve 
function." Phrenic nerve injury was diag- 
nosed if the nerve latency was increased to 
more than twice the preoperative value or if no 
detectable diaphragmatic electromyographic 
or mechanical response was obtained despite 
supramaximal stimulation on repeated testing 
(fig 4). We used fluoroscopy to detect para- 
doxical or reduced movement of the diaphragm 
in this latter group of patients to confirm the 
diagnosis of diaphragm paralysis. 

We tested the association of phrenic nerve 
injury with dichotomous factors by the 7 test 
with Yates’s correction. The Mann-Whitney 
test was used for other factors. 


Results 

Ten patients (10%) had abnormal unilateral 
phrenic nerve latencies after operation. In 
seven of these patients the phrenic nerve 
latency was at least twice the preoperative 
value, while in the remaining three no activity 
was detected on the diaphragmatic electro- 
myogram. Figure 5 shows the relation between 
preoperative and postoperative phrenic nerve 
latencies. Phrenic nerve injury occurred on the 
right side in four patients and on the left in six 
patients. In six of the 10 patients cardio- 
pulmonary bypass had been performed via 
median sternotomies. In four the operation was 
performed via right or left lateral thora- 
cotomies without bypass. After a lateral 
thoracotomy phrenic nerve palsy occurred on 
the same side as the incision. All the ten 
patients had basal atelectasis or a raised 
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Figure 3 Postoperative 
test on a ventilated patient 
showing location of the 
surface electrodes and 
position for percutaneous 
stimulation of phrenic 
nerve. 





hemidiaphragm on chest x ray (fig 6), though 
this was often not evident while the patient was 
on positive pressure ventilation. 

Table 2 summarises data on the affected 
patients and their outcomes. All the children 
who required a prolonged period of ventilation 
were less than 1 year old, except for patient 8 
who was failing to thrive and weighed 6:8 kg at 
the age of 2, and patient 6 who was ventilated 
for other reasons and in whom there was 
evidence of recovery of phrenic nerve function. 
Four of the neonates subsequently required 
plication of the affected diaphragm to facilitate 
extubation, after many attempts to wean them 
from ventilatory support. Because repeated 
electrophysiological testing could not be used 
to predict temporary or permanent damage (as 


®© 


nerve recovery is slow), plication was per 
med on clinical grounds 
not have plication but they were nurs 
negative pressure tanks because vario 
complications precluded further operat 


Patients 3 


Four of the ten patients eventually died 
as a direct result of respiratory failure caused 
diaphragmatic impairment while the remair 


patient died from other surgical complicatio 
We assessed many factors in our attemp 
determine associated causes of phreni 
injury. These included the underlving d 
nosis and type of operation (bypa 
bypass), the duration of bypass, aorti 
clamping or circulatory arrest, the | 
to which the patient was cooled, th« 
topical ice, the experience of the surgeon 





npcra 


Figure 4 Typical 
electromyograms obtain 
on testing the phreni 


nerve normal 
response, (B) delay 
response, and | C) n 


response 
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Figure 5 Scattergram of 
the relation between 
preoperative and 
postoperative phrenic 
nerve latency ( ( A) left, 

( B) right). Phrenic nerve 
injury was defined as 
postoperative latency of 
more than twice the 
preoperative value. Absent 
responses were assigned a 
maximum latency of 

25 ms. 


Postoperative 


Postoperative 


Preoperative 


sultant or non-consultant), the presence of 
previous operations, the incision site, and the 
age at operation. There was a significant asso- 
ciation with previous surgery (p € 0:05) inonly 
the 68 bypass cases; however, the phrenic nerve 
injury after the subsequent operation was not 
always on the same side as the previous 
thoracotomy. No other significant associated 
factor was found though there might have been 
a marginal risk associated with the experience 
of the surgeon; consultant surgeons had a 
smaller risk (p = 0:1) than with senior regis- 
trars or registrars. 


Discussion 

We found that the incidence of phrenic nerve 
injury in paediatric cardiac surgery was higher 
than was previously reported in retrospective 
studies*’ but similar to small studies based on 
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Figure 6 Chest x ray showing raised hemidiaphragm 
seen in phrenic nerve injury. 


phrenic nerve stimulation in adults." This 
may be because phrenic nerve damage was 
underestimated in older children in retrospec- 
tive studies where the selection was based on a 
prolonged postoperative course or difficulty in 
weaning from the ventilator. We found that 
though phrenic nerve paralysis causes severe 
respiratory embarrassment in neonates it seems 
to cause fewer clinical or physiological abnor- 
malities in children who are more than 1 year 
old, unless there is associated weakness of other 
respiratory muscles. Respiratory muscle 
physiology in the older child seems to be 
similar to that in adults, who cope with 
unilateral or bilateral diaphragm paralysis with 
only a few symptoms." '* Retrospective studies 
also based their diagnoses on the presence of a 
raised hemidiaphragm on the chest x ray or 
paradoxical movement of the diaphragm on 
ultrasound scanning or fluoroscopy. These 
methods of diagnosis may be unreliable while 
the patient is on positive pressure ventilation or 
where there is bilateral phrenic nerve palsy and 
the true incidence of the condition may be 
underestimated.° '' !* 

Infants with phrenic nerve injury have an 
increased morbidity and mortality from the 
resulting diaphragmatic palsy.' ^^ They require 
a significantly longer period of ventilation 
because of episodes of acute respiratory dis- 
tress. This is because of major differences in the 
respiratory physiology in infants.” Contrac- 





Table 2 Data on patients with phrenic nerve injury 
——— M ——— MH ——H—— — a —— ——M 
Case 
No Diagnosis Operation Age Side Ventilation Plication 
1 TGA, VSD, Coarct PA band, Coarct repair 2 days L IPPV 24 days + 
2 PA, VSD Left shunt 1 day L IPPV 14 days + 
3 TGA Mustard 35mnth L IPPV 36 days, CNEP 30 days 
4 TGA, PS, Switch Redo RVOT 2 yr L IPPV 1 day 
5 MS MV repair 11:5 yr R IPPV 12 hours 
6 TA, PA band Fontan 55 yr R IPPV 19 days 
7 TGA Switch 3 days L IPPV 14 days 
8 TGA, VSD, Coarct rep, Switch 2:3 yr L IPPV 27 days, CNEP 60 days 
PA band 
9 TGA, PS Right shunt 1 day R IPPV 28 days 4 
10 TGA, PS Right shunt 2 days R IPPV 51 days 4 


—— r—————  Há—— —— € ——————— 
Coarct, coarctation of the aorta; CNEP, continuous negative extrathoracic pressure ventilation; IPPV, intermittent positive 
pressure ventilation; MS, mitral stenosis; MV, mitral valve; PA, pulmonary atresia; PA band, pulmonary artery band; PS, 
pulmonary stenosis; RVOTO, right ventricular outflow tract obstruction; TGA, transposition of the great arteries; VSD, 
ventricular septal defect. 
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tion of the diaphragm is less efficient in infants 
because they have a circular thorax, horizontal 
orientation of the ribs, and greater compliance 
of the rib cage. In normal breathing in adults 
the diaphragm stabilises the thorax during 
inspiration.” ? This effect is especially impor- 
tant in infants because they have weaker inter- 
costal muscles. In supine adults the abdominal 
contents press on the diaphragm and reduce the 
functional residual capacity by 15%.” This 
expected reduction in functional residual 
capacity in the supine infants is aggravated in 
phrenic nerve injury where the loss of the 
hydraulic piston effect and the raising of the 
flaccid diaphragm reduce the parenchymal Jung 
volume even more. This increases atelectasis 
and mediastinal shift so much that both factors 
interfere with respiration in both the affected 
and normal lung. Younger infants are also 
more susceptible to fatigue of the diaphragm 
because of the smaller proportion of type I 
(slow twitch, high oxidative) muscle fibres.? 

Previous studies have implicated ‘“‘frostbite 
injury" from the topical slush used for myo- 
cardial preservation in bypass surgery as the 
cause of phrenic nerve injury’? and this 
hypothesis was confirmed by experiments in 
dogs."5? Several workers suggested that the use 
of various insulation pads reduced the 
incidence.*™ We, however, found that phrenic 
nerve damage was as common in non-bypass 
surgery in which neither cold cardioplegic 
solutions nor topical ice was used. There was 
also no association with the cooling tem- 
perature or duration of bypass, suggesting that 
other factors, for example direct or indirect 
surgical trauma, may be equally important. 

‘Secondary procedures after previous 
thoracotomies can increase the incidence of 
phrenic nerve paralysis. The presence of 
fibrous adhesions and scarring from previous 
operation would obscure the anatomy of the 
pericardium and phrenic nerve and make them 
more liable to injury. We also found an associa- 
tion between phrenic nerve injury and previous 
operation but only when bypass cases were 
considered separately. The reason for this is 
unclear but it could be that a combination of 
more demanding bypass surgery and scarring 
from previous operations contributed to the 
higher risk. A closer examination of the data in 
references 5 and 6 bears this out because the 
association of phrenic nerve injury with 
previous thoracotomies was found only among 
patients who had open heart surgical 
procedures. 

There was no obvious association between 
phrenic nerve injury and the age at operation, 
the type of surgery, or the incision site. The 
duration of .bypass, aortic cross clamping or 
circulatory arrest, and the temperature to 
which the patient was cooled were not found to 
be significant factors. There may have been too 
few patients affected in this study to show an 
association. 

Phrenic nerve paralysis can result in many 
complications including episodes of aspiration, 
respiratory infections, cardiac arrhythmias, or 
cardiorespiratory arrests and death.’ Various 
workers have suggested different methods of 
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management to overcome this problem, recom- 
mending repair of the transected nerve,” long 
term ventilation with or without trache- 
ostomy,” and early? or late*® plication of the 
diaphragm. We found that plication of the 
diaphragm reduced complications from 
prolonged ventilation because it allowed earlier 
extubation. The decision to plicate could be 
taken with greater assurance and less delay 
because phrenic nerve injury was accurately 
assessed by this technique. It did not, however, 
seem to improve survival rates in the pafis 
with phrenic nerve injury and persistent 
diaphragmatic palsy. 

Phrenic nerve conduction studies can be 
easily performed at the bedside with the equip- 
ment and technique described above. Early and 
accurate detection of phrenic nerve injury is 
possible while the patient is ventilated, before 
clinical or radiological evidence of diaphrag- 
matic dysfunction. Phrenic nerve injury is a 
common and important complication of cardiac 
surgery in infants and children that increases 
morbidity and mortality. Early detection of 
injury identifies the infants who may require 
early diaphragmatic plication, thus prevenung 
an unnecessary and prolonged course of ven- 
tilation and the associated complications. 


We thank Mr V Aber for help with staustical analysis of the data 
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Figure 1 
Echocardiograms showing 
( A) a big atrial septal 
defect ( ASD), a small 
ventricular septal defect 
(VSD), and hypertrophic 
ventricular walls in four 
chamber view and ( B) 
stenosis of the aortic 
isthmus ( AIS) with 
dilatation proximally and 
distally in longitudinal 
section. 


Prenatal diagnosis of a complex fetal cardiac 
malformation associated with asplenia 


Ingrid Mauser, Josef Deutinger, Gerhard Bernaschek 


Abstract 

A case of a complex fetal heart malfor- 
mation with left isomerism, a “right 
sided” double outlet ventricle, and aortic 
isthmus stenosis combined with asplenia 
was diagnosed by ultrasonography at 26 
weeks’ gestation. The pregnancy was ter- 
minated at the request of the parents in 
the 27th week of gestation. Because the 
prognosis for a fetus with cardiosplenic 
syndromes depends mainly on the 
severity of the cardiac abnormality cases 
of visceral heterotaxy should be clas- 
sified according to the predominant 
feature, the heart malformation. 


Congenital heart disease is sometimes 
associated with anomalies of the situs of the 
visceral organs (visceral heterotaxy). The term 
cardiosplenic syndrome is used to describe the 
combination of a heart defect with asplenia’ or 
the so-called *polysplenia syndrome’’.’ 
Absence of the spleen is usually associated 
with right isomerism (two morphologically 
right atrial appendages), bilaterally trilobed 
(morphologically right) lungs and bronchial 
trees, and a central liver (“asplenia syn- 
drome”). The cardiac abnormalities include 
total anomalous pulmonary venous return, 
atrioventricular septal defect, double inlet 
ventricle, discordant ventriculoarterial con- 
nection, and pulmonary stenosis or atresia.’* 
The inferior vena cava and abdominal aorta 
run together right or left of the spine, and the 
aorta is located posteriorly. 

Polysplenia, or multiple small spleens, is 
often combined with left isomerism (two 
morphological left atrial appendages) and 
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Figure 2. Necropsy of the 
fetal heart. Upper stylet 
marks the big atrial septal 
defect, the lower the 
ventricular septal defect, 
and the arrow indicates the 
aortic isthmus stenosis 
(AIS). Both great vessels 
(aorta and pulmonary 
trunk) arise from the right 
stded main chamber. 








interventricular septum. Two separate atrio- 
ventricular valves were seen. Left of the larger 
main chamber a smaller ventricle was visual- 
ised with an atrioventricular valve inserted 
more apically (morphological right ventricle 
on the left side). This small chamber was 
connected to the left sided atrium. A vessel 
thought to be the superior vena cava and the 
hepatic veins drained into this atrium. A 
dilated venous abdominal vessel (azygos vein) 
that ran left of the spine and showed no 
connection with the hepatic veins drained into 
the superior vena cava and into this left sided 
atrium. The right sided larger ventricle 
seemed to be morphologically left because of 
the insertion of its atrioventricular valve. Both 
the dilated pulmonary trunk and the aorta 
arose from this ventricle. The aorta showed a 
stenosis of the isthmus with proximal and 
distal dilatation. The descending aorta ran 
right of the spine and in front of the azygos 
vein, which, however, ran left of the spine. M 
mode investigation repeated several times 
during the examination ruled out complete 
heart block. 

Placental biopsy showed a normal male 
karyotype. The parents were told about the 
prognosis by the paediatrician and they 
requested a termination. This was performed 
in week 27 of gestation. 


FINDINGS AT NECROPSY 

Postmortem examination showed a male 
infant. The spleen was absent. The lungs were 
bilaterally bilobed with bilateral hyparterial 
bronchial trees. The superior and inferior 
mesenteric arteries were connected to a single 
vessel. The abdominal aorta ran on the right 
of the spine and the abdominal venous vessel 
on the left. The heart was displaced to the 
right with its apex pointing to the left. Inspec- 
tion showed that both atria had typical left 
atrial appendages (fig 2). The pulmonary 
veins drained into the right sided atrium. The 


Mauser, Deutinger, Bernaschek 


superior vena cava, which took up the azygos 
vein, was connected to the left sided atrium 
into which the hepatic veins also drained 
directly. A big atrial septal defect and a small 
subvalvar ventricular septal defect were 
found. There were two separate atrioven- 
tricular valves. The walls of the right and left 
ventricles could not be morphologically dis- 
tinguished because of hypertrophy. Both the 
pulmonary trunk and the aortic arch arose 
from the right sided ventricle. The aortic 
valve was in continuity with the atrioven- 
tricular valve of the right ventricle. On both 
sides of the stenosis at the isthmus the aorta 
was dilated. 


Discussion 

The term *cardiosplenic syndrome" describes 
complex congenital malformations of the heart 
and spleen in which there is a tendency 
toward symmetrical development of organs 
and organ systems that are usually asym- 
metrical.° Because many other organs includ- 
ing the lungs, intestines, kidneys, and venous 
system may be affected it is more accurate to 
use the term visceral heterotaxy to describe 
this syndrome. 

The anatomical details of the fetal spleen, 
lungs, and intestines cannot be reliably dis- 
played by current ultrasound methods. 
Therefore prenatal diagnosis of such malfor- 
mations in combination with the absence or 
multiplication of the spleen and cardiac 
abnormalities must focus on examination of 
the heart. In fetal echocardiography, as in 
anatomical studies, sequential analysis of the 
chambers and connections of the heart is 
based on morphological characteristics." ? 
Usually the morphological right structures are 
found on the right side (situs solitus). In situs 
inversus, the morphological right structures 
are found on the left side. The term isomerism 
is used to describe the situation when paired 
organs such as the atria (or lungs) have iden- 
tical morphological characteristics. 

Classic terminology combines absence of 
the spleen with right isomerism. The prog- 
nosis is generally considered to be poor 
because transposition of the great arteries with 
pulmonary stenosis or atresia and total 
anomalous pulmonary venous drainage are 
often present." 

Polysplenia typically is associated with left 
isomerism and azygos vein continuation. The 
overall outcome is thought to be better than 
for asplenia and the accompanying cardiac 
defects show a wide range of severity.*" 

Cases of right isomerism (no spleen expec- 
ted) with detectable splenic tissue as well as left 
isomerism with asplenia (polysplenia expected) 
do not belong to either group.'" * These cases, 
however, were diagnosed at necropsy. 

Stewart et al were the first to report two cases 
of left atrial isomerism diagnosed prenatally by 
fetal echocardiography in which necropsy 
showed asplenia. We report prenatal diagnosis 
of left isomerism, a double outlet “right sided" 
ventricle, and stenosis of the aortic isthmus 
associated with absence of the spleen. Because 
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of several "crossover" cases, "'asplenia" and 
*polysplenia" are regarded as imperfect terms 
to describe cardiosplenic syndromes. The com- 
bined heart lesions of our fetus fit perfectly into 
a classification based on the atrial arrangement 
according to atrial appendage morphology. 

In left isomerism (two morphological left 
atrial appendages) azygos vein continuation is 
typical." ^ Also two morphologically left (that 
is, bilobed) lungs and bronchial trees were 
present.” *'* Atrial septal defect and ventricular 
septal defect are often found, as in our case. A 
double outlet ventricle is encountered in about 
9-20%.''° The association of isomerism of the 
left atrial appendages with aortic outflow obs- 
truction at different levels has been reported"; 
however, this is a rare combination. The mal- 
formations typical of right isomerism such as 
anomalous pulmonary venous drainage, trans- 
position of the great arteries, and pulmonary 
stenosis or atresia were not present in our case. 
Fetal bradycardia is usually due to complete 
heart block' which is often present in cases 
with left isomerism." However, in our case 
severe sinus bradycardia followed by ascites 
showed that the fetus was about to die. After 
consulting the paediatrician the parents 
decided to request termination of the preg- 
nancy, because surgical correction of the heart 
defect was regarded as impossible. 

Prenatal evaluation of splenic disorders is 
unreliable. However, even complex and 
uncommon cases of cardiosplenic syndromes 
can be diagnosed prenatally by sequential mor- 
phological echocardiographic analysis of the 
heart and great vessels, as shown in our case. 
The prognosis of a fetus with a malformation of 
this kind depends on the severity of cardiac 
abnormality. Therefore, cardiosplenic syn- 
dromes should be classified according to the 
most important clinical feature—the heart mal- 
formation. 


285. 


We thank Dr Patricia Stewart, Erasmus University, Dijksigt: 
Rotterdam, for her invaluable advice. 







en on the 
pathogenesis of conotruncus ano od: 
analysis of the heart malformations 
syndrome, with fourteen new cases 
1955.44 (suppl 104X:1—110. 

2 Moller JH, Nakib A, Anderson RC, Edw 
cardiac disease associated with po 
ment complex of bilateral “left-sided: 
1967;36:789-99, 

3 Van Mierop LHS, Wigglesworth PW 
cardiac atria in the asplenia syndrome. 
1962;11:1303-5. 

4 Van Mierop LHS, Gessner IH, S 
polysplenia syndrome. Birth Dy 

5 Stewart PA, Becker AE, Wiadimiroif 
atrial isomerism associated with 
echocardiographic detection of 
diac malformations, J Am Coll 

6 Romero R, Pilu G, Jeanty P, Ghidi 
Prenatal diagnosis af congenital anem 
Appleton and Lange, 1988:184—6. 

7 Shinebourne EA, Macarmey FJ, Ar 
chamber localization—iogical app 
congenital heart disease, Br Heart J 1€ 

8 Allan LD, Tynan M], Campbell S, Wilkins 
RH. Echocardiographic and anatomicul 
fetus. Br Heart J 198054444451. 

9 Stewart PA. Echocardiography in the human fe $ 
hage: Pasmans Offsetdrukkerij BV, 198571 3-2 

10 Rose V, Izukawa T, Moés CAF. Syndromes of č 
polysplenia. A review of cardiac and non-cardiac ma. 
mations in 60 cases with special reference to diagnosis and 
prognosis. Br Heart J 1975;37:840~92, 

11 Layman TE, Levine MA, Ampluz E, Edwards RR. 
"Asplenic syndrome" in association with rudimenery 
spleen. Am J Cardiol 1967;20:136-40 

12 Macartney FJ, Zuberbuhler JR, Anderson RÉEL Aitor 
phological considerations pertaining to recognition of 
atrial isomerism. Consequences for sequential chamber 
localisation. Br Heart J 1980;44:657. 

13 Sharma S, Devine W, Anderson. RH, Zuberbuhler IR. The 
determination of atrial arrangement by examination of 
appendage morphology in 1842 heart specimens. Ar Mears 
J 1988;,60:227—31. 

14 Anderson C, Devine WA, Anderson RH, Debich DE, 
Zuberbuhler JR. Abnormalities of the spleen in relation zo 
congenital malformations of the heart a survey of 
necropsy findings in children. Hr Heart J 199063: 122-8. 

15 Huhta JC, Smallhorn JF, Macartney F3. Two dimension 
echocardiographic diagnosis of situs. Br Meare J 1982 
48:97-108. 





n RH. Sequentia 
































17 Anderson RH, Allan L, The heart. in: Reed GB, Claizonux 
AE, Bain AD, eds. Disease the fetus and sem 
Pathology, radiology and genetics. London: Chapman 
Hall Medical, 1989:217-46. 




























296 


Regional 
Cardiothoracic 
Centre, Freeman 
Hospital, Newcastle 
upon Tyne 

JC Doig 

C J Hilton 

D S Reid 


Correspondence to 

Dr J Colin Doig, University 
Department of Cardiology, 
Regional Cardiothoracic 
Centre, Freeman Hospital, 
Newcastle upon Tyne 

NE7 7DN. 


Br Heart J 1991,65:296—7 


Salmonella: a rare cause of subacute 
effusive-constrictive pericarditis 


J Colin Doig, Colin J Hilton, Douglas S Reid 


Abstract 

A 36 year old woman had emergency 
pericardectomy because of subacute 
effusive-constrictive pericarditis. The 
pericardial fluid and tissue culture 
showed that this was caused by infection 
with Salmonella enteritidis. Cardiac 
involvement with salmonella does not 
usually present in such an aggressive 
manner and it has not previously been 
reported to cause this rare type of car- 
diac constriction. 


Case report 

A 36 year old woman was admitted with an 
illness that had been progressive over the 
previous two months. She was unwell, anuric, 
icteric, and tachypnoeic at rest, with intense 
orthopnoea. She was afebrile but had signs of 
severe cardiac constriction with a sinus 
tachycardia of 120 beats per minute, a low 
volume pulse, and pulsus paradoxus was seen 
over a range of 20 mm Hg. Her jugular ven- 
ous pressure was 10cm above the sternal 
angle and she had sacral oedema, gross hepa- 
tomegaly, and reduced air entry to both lung 
bases. There was a pericardial friction rub and 
mild mitral regurgitation. Her electrocardio- 
gram showed low voltage complexes with T 
wave flattening laterally and inversion in I and 
aVL. A chest x ray confirmed bilateral pleural 
effusions and showed considerable globular 
“cardiomegaly”. Echocardiography showed a 
pericardial effusion of moderate size with 
biventricular collapse in diastole. The most 
striking abnormality was the very thick, 
echodense pericardium. Doppler echocardio- 
graphy showed mitral valve prolapse with 
mild mitral regurgitation. Her biochemical 
profile was abnormal. Before transfer to the 
Freeman Hospital, she had mild hepatic dys- 
function but on arrival her liver function tests 
were disturbed. The prothrombin time was 
twice the control value and pre-renal failure 
had developed. 

Over the previous month she had been 
treated with various antibiotics for a 
presumed chest infection and had then been 
admitted to her local hospital for investigation 
of continuing breathlessness. She was found 
to have a pericardial effusion of moderate size 
containing fronds but had no clinical or 
echocardiographic evidence of cardiac tam- 
ponade. The effusion was presumed to be viral 
in aetiology and benign in nature. After a 
period of relative stability, her condition 
progressively deteriorated over a two week 


period. A normochromic normocytic anaemia 
(92 g/l) developed and the erythrocyte sedi- 
mentation rate rose to 70 mm in the first hour 
(Westergren). Recurrent pleural effusions re- 
quired drainage of a total of four litres of clear 
fluid. All samples were bacteriologically sterile 
and showed no evidence of infection with 
tubercle. 

Soon after transfer to this hospital, emer- 
gency pericardectomy was performed via a left 
anterolateral thoracotomy. The pericardium 
was considerably thickened, inflamed and 
oedematous, and enclosed a moderate puru- 
lent effusion. On the visceral aspect there was a 
purulent exudate with associated fibrin. 
Histological examination showed that the 
pericardium was 4mm thick and was com- 
posed of a fibrous layer showing evidence of 
non-specific chronic inflammatory changes 
with a perivascular distribution. Salmonella 
enteritidis was cultured from blood, pericar- 
dial fluid, and pericardial samples. The organ- 
ism was sensitive to ciprofloxacin and this 
treatment was continued for 17 days. Titres to 
Salmonella typhi and S paratyphi were 
negative, as were stool cultures. No primary 
source of salmonella could be confirmed. 

The patient's subsequent course was satis- 
factory apart from transient hyponatraemia 
and pyrexia. After hospital discharge, she 
returned to normal activities. Her serum 
alkaline phosphatase concentration remained 
raised but otherwise the biochemical and 
radiological variables returned to normal. 
Echocardiography showed persistent mitral 
regurgitation. 


Discussion 

Acute pericarditis is commonly associated 
with an insignificant pericardial effusion. It 
may progress to chronic pericardial constric- 
tion but rarely to subacute effusive-constric- 
tive pericarditis where a tense effusion is con- 
tained within a markedly thickened pericar- 
dium. With the widespread use of antibiotics 
and the decline of tuberculosis it is rare now 
for constrictive pericarditis to result from 
bacterial infection. Effusive-constrictive 
pericarditis was first described by Burchell in 
1954! and its haemodynamic impact was later 
defined.? Relief of the tamponade by aspiration 
of the effusion does not improve the clinical 
condition because of the associated constric- 
tion. Most cases of effusive-constrictive 
pericarditis are idiopathic in origin but there 
are reports of it occurring with tuberculosis, 
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viral, bacterial, and amoebic infections; in 
uraemia, rheumatoid arthritis, and carcinoma; 
and after radiation and thoracic trauma.*? It 
has not previously been described as a com- 
plication of salmonella infection, although 
Bird's postmortem report in 1969 has some 
similar features.) The rapid progression to 
tamponade in our patient may be due to the 
nature of the causative organism. Effusive- 
constrictive pericarditis usually progresses to 
non-effusive chronic constriction over the 
course of a year.? 

'There are more than 1700 different sero- 
logical types of salmonella but most are 
primarily animal parasites with little human 
pathogenicity. Salmonella infections can take 
one of two forms: firstly, typhoid fever which 
is due to Salmonella typhi or S paratyphi and 
can be complicated by endocarditis or myo- 
carditis,’ and secondly, S enteritidis and some 
other strains which can give symptoms and 
signs of food poisoning after transmission by 
undercooked meat of contaminated animals or 
contamination of other food stuffs by a human 
carrier. Metastatic spread from the gastro- 
intestinal tract may result in pyrexia of un- 
known origin, meningitis, or osteomyelitis. It 
is uncommon for the heart to be secondarily 
affected but endocarditis and myocarditis have 
been described." The pericardium is rarely 
involved in salmonella infections. Pericarditis 
was first recorded in association with typhoid 
fever in 1844" and there are few previous 
reports of pericarditis in non-typhoidal syn- 
dromes in published reports!" after the 
original description in 1936. It tends to 
occur in older patients and is often associated 
with a purulent effusion from which the organ- 
ism may be cultured." This is the first report 
of Salmonella enteritidis as the causative 
organism. 

Subacute effusive-constrictive pericarditis 





due to infection with salmonella has sot 
previously been reported. This case report 
highlights the potential for this unusual 
organism to have a highly aggressive presenta 
tion. The purulent pericardial exudate rapicdiy 
led to the development of prominent pericar- 
dial thickening and constriction requiring 
urgent surgical intervention to relieve cardiac 
tamponade. It seems prudent therefore 
consider diagnostic aspiration of perica 
effusions that do not resolve promptly. R 
teriological testing would then ieni 
unusual organisms whose malignant co 
might be prevented by early and approp ; 
treatment. 
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We have news from the European Society of 
Cardiology that will by now be known to most 
of our members. After the untimely death in 
January of Attilio Reale, Michel Bertrand 
(who was President Elect) has beén appointed 
Acting President until his own term of office is 
due to begin in 1994, Professor Bertrand is 
well known in Britain as in the rest of Europe. 
We wish him well. We are also delighted to 
report that in 1995 the European Society of 
Cardiology will almost certainly be coming to 
Birmingham, so that the British Cardiac 
Society will have the privilege of being hosts 
toamajor European meeting for the first time. 

Readers may remember that the joint 
British Cardiac Society/Royal College of 
Physicians Audit Committee has at present 
three major projects. The visits between 
district general hospitals, the national con- 
fidential enquiry into cardiac catheter com- 
plications (CECCC), and the survey of delays 
to treatment in acute myocardial infarction 
are all going well and their scope is being 
widened as had previously been planned. 
Nick Brooks who is chairman of the commit- 
tee is now requesting that members of the 
society should let him know of other 
initiatives that are felt to be important. Some 
suggestions have been made, but before new 
priorities are decided we are anxious to con- 
sider as many appropriate ideas as possible. 
Please write either direct to Nick Brooks or to 
us at the society. 

David de Bono has written about the 
confidential enquiry on catheter complica- 
tions, Cardiac catheterisation and coronary 
angiography are fundamental to modern car- 
diology: good equipment and skilled 
operators have made them safe procedures, 
but complications do sometimes occur. In 
August 1990 the Joint Audit Committee of 
the British Cardiac Society and the Royal 


College of Physicians of London set up a pilot ` 


study of five cardiac centres with the aim of 
pooling information about catheter 
laboratory complications, so that the lessons 
learned could be shared and common factors, 
in particular complications, would be recog- 
nised. This initiative was reported briefly in 
the newsletter of December 1990. The pilot 
study has been very successful and it is now 
intended to extend the scheme to all United 
Kingdom catheter laboratories. The scheme 
is being coordinated from the Department of 
Cardiology in the University of Leicester, 
and individual units will have been approa- 
ched by the time this newsletter appears. The 
data required from each centre are very 
modest, and a monthly newsletter from 
Leicester will keep participants informed of 
progress. David de Bono is anxious to stress 
that all information will be treated as strictly 


confidential. We hope that every centre will 
respond with enthusiasm. 

_ We also wish to draw attention to another 
important survey coming from Leicester, this 
ene organised by Peter Hub i 088 
i did ov Pe oner. Sir 

the British Cardiovascular - Inte 
'ention 


the hospital at 4 


Society has undertaken a survey of all adult 
and ‘paediatric intervention procedures 
(angiography and balloon dilatations). The 
report on the second survey from 1989 is soon 
to be published, and the third enquiry was 
sent out for completion by the end of January. 
By the time of writing (mid-March), 21 adult 
National Health Service units, two private 
units, and 10 paediatric units had replied. A 
total of 34 units had not. In these days of 
audit, information technology, and com- 
petitive costings, this type of information 
should be readily available to support a 
department's activities and budgets. The 
replies from all units are needed before the 
1990 audit can be analysed. By now perhaps 
the response will be complete. If not, we hear 
a threat to publish a list of non-responders. . . 

Peter Hubner has agreed to extend the 
scope of his survey on behalf of the British 
Cardiac Society, though the additional 
scheme will be serviced for us by the British 
Cardiovascular Intervention Society. We 
wish to give every trainee cardiologist the 
opportunity to register all procedures he or 
she undertakes—angiography, pacemaker 
implants, electrophysiology studies, as well as 
intervention procedures. The British Pacing 
and Electrophysiology Group have indicated 
their approval. This will be a voluntary 
scheme, but registration on a monthly basis 
will aid accurate counting, and will lend 
credence to claims relating to practical 
experience—particularly in connection with 
applications for posts. Will this be supported? 
Our surgical colleagues have long had a 
similar scheme and find it helpful. 

We have news on the composition of the 
Cardiac Technicians Committee which is 
being set up under the chairmanship of 
Duncan Dymond. The committee will con- 
sist of one nominated council member from 
each of the five affiliated working groups. So 
far individuals have been nominated from 
three of the groups; those from echocar- 
diography and pacing and electrophysiológy 
are awaited, The vice chairman of the Society 
of Cardiological Technicians will also be on 
the committee as will the President of the 
British Cardiac Society. Duncan Dymond 
will represent the British Cardiovascular 
Intervention Society, Shakeel Qureshi will 
represent the Paediatric Cardiology Group, 
and Jane Flint will represent the Nuclear 
Cardiology Group. Although the final com- 
position of the committee has not been for- 
mulated, the principal aims of the committee 
will be to seek ways of improving the training 
and of raising the entry standards of car- 
diological technicians in the United Kingdom 
(which should result in further improvements 
in their status), and to forge closer links with 
the Society of Cardiological Technicians. 
"These have not been as strong as many would 
wish, and much of the responsibility for this 
must rest with the cardiologists. 

We will end on a lighter note. Do all 
consultant cardiologists in district hospitals 
now have a fax machine within their homes? 
Students of Latin will feel this question 
should begin with the word “num” (and 
those not well versed in the classics can 
contact us in confidence for an explanation). 
The advantages are considerable. We have all 
agonised on whether a telephone description 
of an electrocardiogram represents . ven- 
tricular tachycardia or something more 


benign, and perhaps more recently we have 


hoped for inspiration when the 
telephone 
evidence seems inade, iu 
em quate on whether o 
thrombolysis is indicated, S, so Of not 
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then be worth returning home for breakfast? 

Is it not bettér to have an electrocardiogram 

waiting by the telephone when we wake up? 

The cost of a fax machine is now lessthan that 

of asingle ampoule of one of the thrombolytic 

agents. Is it not worth it for the sake of better 

patient care and more confident and better 
rested consultants? 

DOUGLAS CHAMBERLAIN 

President, British Cardiac Society 

: PAUL OLDERSHAW 

Secretary, British Cardiüc Society, 

1 St Andrews Place, 

London NWI 4LB 


E 


* 


NOTICES 








1991 


A course on the use of New Devices for the 
Cardiac and Peripheral Vascular 
Laboratories will be held in‘ Orlando, 
Florida, on 1 to 3 July: Shadyside Hospital, 
New Devices Technology Workshop, 5230 
Centre Avenue, Pittsburgh, PA 15232, USA 
(412 623-1051). ` 


Angioplasty 1991: A Live Demonstration 
Course presented by the San Francisco 
Heart Institute will be held in San Francisco 
on 12 to 15 August: Steve Lugon, Course 
Coordinator, San Francisco Heart Institute 
at Seton Medical Center, 1900 -Sullivan 
Avenue, Daly. City, CA 94015, USA (Fax: 
415-755-7315; Tel: 415-991-6355). 


1992 


The Annual Meeting of the British Cardiac 
Society will take place at the Harrogate 
International Centre on 26 to 29 May. 


1993 


The XVII World Congress on Diseases of 
the Chest sponsored by the International 
Academy of Chest Physicians and Surgeons 
wil be held in Amsterdam on 13 to 18 June: 
ACCP, Division of Education, 3300 Dundee 
Road, Northbrook, IL 60062-2348, USA 
(Fax 708-498-5460; Tel: 708-498-1400). 
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